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Abstrat
Traditional projet planning tehniques and tools do not aord the exibility needed
to be eetive in our modern, dynami environments. Although in the eld of arti-
ial intelligene, planning has developed to take into aount unertainty and the
need to adapt to hange, there is little evidene of this in projet management. In
this dissertation we examine the elds of projet management and artiial intelli-
gene planning, applying advanes in the latter to produe a new projet planning
methodology: Dynami Planning. We present planning software speially devel-
oped to support this new way of planning. Initial results of evaluating the new
approah are also presented, whih indiate that the new methodology is more ex-
ible and better for traking progress than traditional projet planning tehniques.
Reommendations for further researh and development are also disussed.
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Some Thoughts on Plans
He who every morning plans the transation of the day and follows out
that plan, arries a thread that will guide him through the maze of the
most busy life. But where no plan is laid, where the disposal of time
is surrendered merely to the hane of inidene, haos will soon reign.
Vitor Hugo (1802 - 1885)
In preparing for battle I have always found that plans are useless, but
planning is indispensable. Dwight D. Eisenhower (1890 - 1969)
Figure 1: An Extreme Gantt Chart
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Chapter 1
Introdution
Projet planning is an integral part of projet management, essential to ensure that
the projet delivers its desired results on time, within budget and to speiation.
The traditional approah to projet planning intends to speify exatly what needs
to be done at any given time in the projet's lifeyle. This thorough approah seems
logial and appropriate, whih is why it is surprising that only a small number of
projets are atually deemed to be suessful [The Standish Group, 2005℄.
The key issue is that traditional projet planning does not take aount of the dy-
nami environment within whih the projet exists. Unforeseen ourrenes add to
the work that must be arried out, or present opportunities to ahieve results faster
or more heaply. The dilemma for the projet manager is evident: if they spend too
muh time planning and replanning, they may fail to manage the projet properly.
However, if they fail to adjust the plan to hanging irumstanes, it quikly beomes
out-dated and useless.
A similar problem exists in the eld of artiial intelligene (AI) planning. In order to
reate intelligent systems that an at independently, they must be instilled with the
ability to plan; a mehanism for hoosing an appropriate set of ations to ahieve the
eventual goal. Again, however, if too muh time is spent analysing the situation and
planning, then by the time an appropriate plan has been derived, the environment
may have hanged again, invalidating the plan.
Sine both areas experiene similar problems, one might expet the researh in eah
area to be heading in similar diretions. In fat, the opposite is true. Most of
the reent work in projet planning has foused on reative ways to fore projet
managers and teams to follow the traditional proess. Very few researhers seem to
question the validity of this approah at all. In AI planning the piture is quite dier-
ent. Here there has been a progression from lassial planning (where environments
are assumed to be steady, preditable and hangeable only by diret intervention)
through to approahes better geared for addressing real world problems (suh as
nondeterministi environments).
Reative Planning is a prime example of the latter approah, with a fous on helping
intelligent systems to hoose the most appropriate next ation. The short-term fous
allows reative systems to reat quikly to hanging onditions, at the same time still
heading towards the eventual goal.
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The original aim of this projet was to develop planning software to aord projet
managers the same sort of exibility as these reative systems. However, during
the bakground reading for the projet, it soon beame apparent that there was no
existing projet planning methodology that aorded this level of exibility. The fous
thus shifted to applying the reent advanes in AI planning to projet management,
developing a new methodology for exible projet management.
The methodology that we present is Dynami Planning, whih draws on various
planning approahes from both projet management and artiial intelligene disi-
plines, as well as diret researh into the way that people atually use plans. In order
to evaluate the eetiveness of this new planning paradigm, the Dynami Planner
software was developed. Our initial results indiate that Dynami Planning supports
more exible projet planning, as well as more eetive progress traking.
This doument is strutured as follows: the next hapter overs the bakground
reading and researh into projet and AI planning, inluding a disussion of the
similarities and dierenes of the two elds. In Chapter 3 we propose the new
Dynami Planning methodology. Chapter 4 is onerned with the development of
the Dynami Planner and in Chapter 5 we present the results of our initial evaluation
of the methodology, using this software. Finally, in Chapter 6 onlusions and further
work are presented.
1.1 Projet Aims & Objetives
The aim of this projet is to develop a method for exible projet planning and then
develop software to support it, so that an initial evaluation of the methodology an be
arried out.
The objetives are as follows:
• Researh and ritique existing projet planning methodologies
• Researh and ritique artiial intelligene planning tehniques
• Develop a method for exible projet planning
• Develop software to support this method
• Evaluate the eetiveness of the exible projet planning methodology, using
the software
• Gain tehnial, aademi and managements skills:
 Learn new programming language and gain experiene in appliation de-
velopment
 Gain experiene in aademi researh and writing
 Develop an understanding of AI planning tehniques
 Gain an in-depth understanding of projet planning and management
tehniques
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Chapter 2
Researh
2.1 Introdution
Before onsidering any new methodology that we might develop for exible projet
planning, it is of ourse neessary to onsider the urrent state of the art. In this
hapter we will rstly examine projet planning and then the various plan represen-
tations that are assoiated with existing approahes. We then go on to disuss AI
planning, inluding traditional lassial planning and more reent developments that
aim to adjust to real world onditions.
First, however, we should look at the purpose of plans. Agre and Chapman [1989℄
suggest the way in whih plans are designed to be used is very important. There are
two main models: Plan-As-Program and Plan-As-Communiation. Thinking of a
plan as a program, the user of the plan is expeted to exeute it exatly  what they
do will be preisely dened by the plan. When a plan is used for ommuniation,
then the ation taken is not presribed by the plan. Instead the plan is used as one
fator in deiding what to do next.
There is a world of dierene between the two. When a plan is used as a set of
instrutions to be exeuted, then far more detail is required than in a plan intended
for ommuniation. This is beause every eventuality needs to be predited and
planned around, beause all ations depend on the plan. Plans-As-Program also
need to be extremely preise, again beause the user is presumed to be unable to
deal with unertainty or diversion from the plan.
Plans-As-Communiation an aord to be muh less detailed and preise. Plans
intended for ommuniating need only guide ations, sine the plan itself will only
be used as one input to the deision of what ation to take. This absolves the planner
of the need to predit the future  the identiation of every eventuality required
by the Plan-As-Program model. However, Plans-As-Program may also suumb to
fragility and too muh detail, unless the planner aepts that perfet ommuniation
is impossible[Cokburn, 2002a℄. Perfet ommuniation requires everything about a
situation to be expliitly detailed. This is simply not pratial. Instead, the goal of
Plans-As-Communiation should be to manage the inompleteness of ommuniation
well  that is, to ommuniate just well enough for the intended audiene.
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Looking at these two modes of plan use, we have inadvertently disussed another key
element of plans  their level of preision[Cokburn, 2002a℄. The extremely detailed
exeution plan of the Plan-As-Program mode represents a very high-preision plan.
Plans-As-Communiation in general an be lower preision, sine they assume some
knowledge and some ability to improvise on the part of the user. Cokburn [2002a℄
suggests that plans with dierent levels of preision are useful at dierent stages
in a projet, whereas the Systems-Gap-Working-Party [1984℄ suggests that dierent
levels of detail are appropriate at dierent levels in the organisation.
During the ourse of our analysis of existing projet planning methodologies, it will
be useful to disuss eah in terms of the plan model (Program vs Communiation)
and also the level of preision (low, medium or high). Both of these fators have an
eet on the level of detail typially present in the plan, whih we will also see when
examining some projet planning artifats.
2.2 Projet Planning in the Business World
2.2.1 Traditional Projet Planning
Planning as desribed in the traditional POMA (Planning, Organising, Monitoring
and Adjusting) management yle [Tsui, 2004℄ is a very thorough aair that results in
detailed plans from the outset. The key thread running through all of POMA is that
the projet must be ontrolled throughout its life yle. The fous during eah setion
highlights this: Planning denes every piee of work that must be done as well as
when and by whom; Organising sets the team up to arry out the plan; Monitoring
ensures that deviations from the plan are identied; and Adjusting reties these
variations through relevant ation.
POMA is desribed as just one methodology for projet management, but upon
inspetion most other methodologies appear to be slightly varied artiulations of
the same approah. Although only Tsui [2004℄ speially identies POMA as the
framework for the planning proess then desribed, the same key faets are evident
in standard management and software engineering texts, suh as Lok [2001℄, Som-
merville [2001℄, Brown [1998℄ and Kliem and Ludin [1993℄. Other soures employ the
same approah but with emphasis on dierent aspets  for instane, Goodpasture
[2004℄ fouses on quantitative methods for estimation, monitoring, et, whilst Kliem
and Ludin [1992℄ are most onerned with the people fator inherent in any projet
where the atual results are ahieved by a team.
Looking at the various texts available we an derive the following as the steps that
make up the traditional projet planning proess :
• Dening projet goals and objetives.
• Breaking down the work into its omponent tasks .
• Dening the dependenies between tasks.
• Estimating the eort to omplete eah task.
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• Identifying the resoures available.
• Construting a shedule based on these eort & resoure estimates.
• Identifying any resoure lashes and levelling the plan to distribute the work
evenly.
In theory, the plans produed by this proess are exellent  they are highly detailed,
learly indiate the preedene of tasks, the shedule (whih inludes the projeted
delivery date, of ourse) as well as whih resoures are assigned to whih tasks
and who holds responsibility for deliverables. Aording to the Plan-As-Program
paradigm, it should be possible for the projet team to follow the plan to the letter
from beginning to end and to deliver the projet on time, to speiation and within
budget. Why then do some reports laim only 9 - 16% of projets atually ahieve
this feat? [The Standish Group, 2005℄
Tsui [2004℄ appears to believe that the planning proess is just not being followed
well enough:
Projet planning inludes a time-onsuming and very important set
of tasks that is, unfortunately, often rushed. It is muh wiser to spend
the appropriate time needed to develop a good plan initially than to have
to make multiple and ostly adjustments later
But he himself goes on to aknowledge:
Even with a well-oneived plan, it is unusual not to enounter some
onditions that require unexpeted hanges during the projet. However,
having a well thought out plan failitates making projet adjustments
even at a muh later phase. [Tsui, 2004℄
This appears to be a reurring theme. Even the staunhest advoates of the tra-
ditional planning approah admit that it is unheard of for plans to remain both
aurate and unhanged throughout the ourse of the projet. The primary reason
for this is obvious: human beings annot see into the future. At the start of a projet
it is very diult to fully understand even the projet itself, let alone predit hanges
in resoures, requirements, the environment or any number of other fators. Brown
[1998℄ summarises the issue:
Planning requires a large amount of information, and the amount
and quality of information whih you will have is inversely proportional
to the length of time between when you plan and when the tasks should
be exeuted
So we an see that it is virtually impossible to reate a omplete, aurate Plan-As-
Program at the beginning of the projet. This leads us to the realisation that the
plans will have to be updated as irumstanes hange, opportunities or setbaks
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are disovered or original estimates prove to be inaurate. Despite Tsui's assurane
that a well thought out plan will make adjustments at a later stage easier, a number
of soures warn against projet managers spending all their time updating the shed-
ule and not atually managing the projet (Blok and Frame [1998℄, Brown [1998℄,
Anderson et al. [1988℄, DeMaro [1997℄)
Surely though the only ertainty in a projet is that things will hange? If hanges
(and the updates and adjustments they neessitate) make plans too time-onsuming
to keep updated, should we not just give up on the idea of planning altogether?
Lukily, this is not the only option. If we look more losely at the output of traditional
projet planning, we realise that these plans are extremely high preision. So muh
detail is inluded that day-to-day tasks are planned months and years in advane.
It is for this reason that updating the plans is so time-onsuming, as alluded to by
Lok [2001℄:
Although it is possible to shedule more than 100 jobs on an ad-
justable bar hart, resheduling is a dierent story. Setting a omplex
plan up in the rst plae might take a few working days or a week. Adjust-
ing it subsequently to keep in step with hanges might prove impossible
In fat, the level of detail that is assumed to be needed, along with the time-
onsuming nature of subsequent updates, auses many projet managers to avoid
planning ompletely:
The more preision in the plan, the more fragile it is, whih is why
onstruting Gantt harts is so feared: It is time-onsuming to produe
and gets out of date with the slightest surprise event [Cokburn, 2002a℄
So it would appear that there are many problems with traditional projet plan-
ning: the initial planning proess is very time-onsuming and although it produes
seemingly useful, detailed plans, these soon beome out-of-date. Monitoring this,
adjusting the plans or even re-planning ompletely (as is sometimes needed) is suh
a time-onsuming proess that it often beomes the projet manager's primary task,
elipsing other ativities. Worse still, sometimes the plans are not updated at all,
eventually resulting in management by risis [Kliem and Ludin, 1992℄, where the
projet reels from one issue to the next with very little strategi planning being
employed.
2.2.2 Alternatives to Traditional Projet Planning
Obviously some remedy is needed to this dire-sounding situation. A number of
alternative strategies have been suggested to ombat the problems enountered in
traditional projet planning. One is to keep the proess the same, but aknowledge
the time-onsuming nature of the updates proedure and bring in speial resoure to
deal with projet administration issues. This is an approah known as The Projet
Oe [Blok and Frame, 1998℄, where a speialist organisation well versed in projet
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management tehniques and tools handles these aspets of projet management.
Although this theory experiened some popularity in the nineties, in most industries
the pressure to redue pereived resoure waste means that it is unlikely to be a
viable solution for most organisations. Additionally, the inreased overhead to supply
the external organisation with the information required to plan may outweigh any
savings.
A more fundamentally dierent alternative is Goal-Direted Planning [Anderson
et al., 1988℄, whih aims to fous the projet eort against the PSO (People, Sys-
tems & Organisation) goals whih make the projet worthwhile. Rather than plan-
ning tasks in detail at the outset, the approah reommends that only an outline
plan is produed initially. This skeleton plan should diretly relate to the goals of
the projet. Subsequently, ativity plans are onstruted using a rolling wave ap-
proah. This essentially means that detailed plans are only onstruted for a phase
when it is soon to begin. This inreases the hanes that enough will be known to
reate a useful detailed plan. Although the Goal-Direted approah at some stages
seems to employ more of a Plan-As-Communiation approah, the nal produts are
still high-preision ativity plans, so the atual plans in use by those doing the work
will reet the Plan-As-Program mentality.
Milestone Planning[Anderson, 1996℄ is a method based on Goal-Direted Planning
that embraes the Plan-As-Communiation model more enthusiastially. It advises
against ativity planning (an inherently Plan-As-Program approah) sine this fo-
uses the eort on time spent engaging in a task, rather than the results to be
ahieved. Anderson [1996℄ points out that it is not only diult to understand the
whole at the start of the projet, but also unwise to do so, sine the results of the
earlier stages of the projet may lead to unforeseen opportunities or the need for
extra eort if things have gone badly. Additionally, the path to the result is left
exible so the most appropriate route an be taken when the time omes.
There are two approahes to sheduling for Milestone Planning. The rst is to base
performane on past projets and so set the milestone dates aordingly  this is
a popular hoie if there is some xed end-point to the projet, although shedule
pressure and Can Do management [DeMaro, 1997, 2002℄ need to be avoided to keep
these realisti. The seond is to estimate by identifying the most time-onsuming
task to omplete a milestone and then adding ontingeny. Although neither of these
methods is likely to result in a orret shedule, there is a denite advantage that
this is more obvious in this ase. Whereas in traditional projet planning shedules
are often wildly inorret but look detailed and therefore believable, with milestone
planning there is less tendeny to believe in unrealisti delivery dates.
Milestone Planning produes low- to medium-preision plans whih are muh easier
to modify. They also follow the Plan-As-Communiation model muh more on-
sistently, fousing on the results to be ahieved and leaving the hoie of spei
ation up to the user of the plan. For these reasons it seems a muh more attrative
andidate for exible, reative planning than the traditional projet management
approah or the alternatives disussed above.
Despite its apparent attrativeness, however, Milestone Planning has not been adopted
by projet managers. As we will disuss in the following setion, one reason for this
may be that the form that the plans take does not lend itself to use by projet teams.
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2.3 Plan Representations
There are a variety of plans produed by various stages of the planning proesses
already desribed. Some show just the work to be done and how it an be broken
down (e.g. Work Breakdown Struture), others fous on what needs to be ahieved
(e.g. Milestone Plan) or the dependenies between tasks (e.g. Network Diagram).
However, the most popular type of plan urrently used ombines a alendar/time
element with a task listing  the ubiquitous Gantt hart. In this setion we will
examine the various plan representations in a little more detail.
2.3.1 Traditional Plans
2.3.1.1 Work Breakdown Struture
A Work Breakdown Struture (WBS) is a hierarhial list of tasks that make up
the overall projet. In order to onstrut the WBS, the external deliverables are
onsidered and the tasks needed to produe them are listed. Then eah task is
further subdivided until it is of a manageable expeted duration (heuristis vary:
anything from 1 day to 8 week units are suggested). The representation of the Work
Breakdown Struture is usually like a family-tree diagram, with hild tasks onneted
to their parent tasks, rolling up into the total projet.
WBSs an be useful sine they enourage thought about what is atually involved
in ahieving a task, but they are usually used as a stepping stone towards a Gantt
hart, CPS or Network Diagram rather than plans in their own right, sine they are
really just diagrammati task lists.
Figure 2.1: Work Breakdown Struture Example  subsetion of a larger plan
2.3.1.2 Network Diagram
Network diagrams take many forms, but typially they show tasks, their expeted
durations and the dependenies between them. Variations exist that show ativity
8
on node or ativity on arrow for instane, but in terms of information presented
there is very little dierene. In pratie, network diagrams are often more useful to
illustrate dependenies between tasks as they are being drawn (or to highlight the
eet of a delay on the shedule) than as total representations of plans as they an
be quite onfusing to read.
Figure 2.2: Network Diagram Example  subsetion of a larger plan
2.3.1.3 Gantt Chart
Gantt harts are a speialised form of bar hart that typially show the task list in
rows on the left-hand side and some time line in olumns. Retangles are drawn
to show task durations, as well as slak time and dependenies. Although network
diagrams are often used to ompute dependenies and the shedule basis, Gantt
harts are muh better visual aids and are better at ommuniating a plan to projet
teams or stakeholders[Lok, 2001℄. Gantt harts also often have a resoure dimen-
sion, either showing the person assigned to the task alongside the task name, or
oasionally by olouring the task bloks appropriately.
These are often the most popular plan representation, beause they are easy to read
and give a big piture view of the projet. The level of preision is very high with
this type of plan, beause not only are detailed tasks shown, but also the spei
dates when they should be worked on and who should be working on them. It is no
wonder that in many projets they are left unhanged as the projet progresses, as
updating all these dimensions would be a time-onsuming task.
2.3.1.4 Extensions to Traditional Plans
There are some ommon extensions to traditional plans, the most ommon being
Critial Paths and Resoure Alloation information. Critial Paths are the longest
possible paths from the start of the projet to the onlusion [Kliem and Ludin,
1993℄, if you ignore slak. They are usually identied by doing a forward pass
(alulating the length of the path using the earliest start and nish dates, starting
at projet ommenement) and then a bakward pass (alulating the length using
the latest start and nish dates, starting at the projet onlusion and working
bakwards). The paths for whih the total length is the same for eah pass are
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Figure 2.3: Gantt Chart Example  subsetion of a larger plan
identied. These paths then represent the olletion of tasks that have no slak  no
room to manoeuvre.
Resoure Alloation information is used to trak how eetively partiular projet
resoures are being used (or if they are over-subsribed!). It is usually added to
Gantt harts or other shedules, showing whih team members are alloated to whih
tasks. This information an then be used for resoure levelling, but in pratie the
degree of eort, estimate detail and auray needed to return the orret result
is a barrier to this pratie. Oasionally the software will try to level resoures
automatially, but this an be disastrous in knowledge work where resoures are
simply not interhangeable[Spolsky, 2005℄.
A variation on the resoure angle is responsibility information. Sometimes plans will
just show the resoure assigned to lead the work on the task, indiating that they
are responsible for delivering it. Oasionally more detail is provided, for instane
to show the RASCI
1
roles[Quik, 2005℄. Responsibility harts an be useful if they
are atively used by the projet team, but often the responsibilities depited are not
pereived as the real responsibilities and so their usefulness is redued. To be an
eetive tool, the team proesses have to support their use and transpareny.
2.3.2 Alternative Representations
2.3.2.1 Milestone Plan
A Milestone Plan an have a variety of forms. Those desribed by Anderson [1996℄
resemble network diagrams, in that the milestones are represented as graph nodes
and dependenies denoted by lines and arrows. The low-preision projet maps
desribed by Cokburn [2002a℄ appear to be a variation of milestone plans as well.
1
RASCI is a tool used to dene involvement in deisions in projet management. It is an
aronym, standing for Responsible, Aountable, Support, Consult, Inform, dening the roles that
various individuals have in a deision or deliverable.
This is best illustrated with an example: Jak may be responsible for delivering a piee of fun-
tionality, but his boss Mary is aountable. Coworkers Jim & Niola will provide support, helping
Jak write the funtionality, whereas Rob has experiene in the area and so is down as someone to
onsult. Ellen is working on an assoiated area and so needs to be informed of the implementation
deisions taken.
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In ommon with Milestone Planning, the key advantage of this type of plan is that it
fouses on the results that need to be delivered. Sine the plans are low- to medium-
preision, they are less fragile than some of the higher preision plan representations
(suh as network diagrams and Gantt harts). They also do a good job of giving an
overall piture of the projet without prematurely ommitting to arbitrary deadlines
 a major risk in shedule-pressured projets [DeMaro, 2002, Anderson et al., 1988℄
 and allow more ollaborative thinking about the projet plan as a result.
This type of plan is one of the only found that is designed to be a Plan-As-Communiation.
Although the results that need to be delivered are very learly depited, the method
of ahieving this is not speied. The authors of the approah do reommend, how-
ever, that detailed task planning is arried out, so the Milestone Plans are supple-
mented with traditional Work Breakdown Strutures and Gantt Charts.
2.4 Planning in Artiial Intelligene
Planning has long been a key hallenge in the eld of Artiial Intelligene (AI). The
ability to plan is seen as a prerequisite for autonomous and intelligent behaviour. We
will rst disuss lassial planning and some traditional methods and then some of
the more modern approahes that fous on operating in a dynami world.
2.4.1 Classial Planning
Muh of the traditional AI planning researh foused on lassial planning, where
the environment is assumed to be fully observable, deterministi, nite, stati and
disrete [Russell and Norvig, 2003℄. This means that the agent an get omplete,
aurate, up-to-date information about its environment (observable), be sure what
the outome of an ation will be (deterministi), omprehend the total environment
(nite), assume that only its own ations will aet the state of the environment
(stati) and that there are only a xed number of states, ations and so on (disrete).
This information about the state of the environment, ations available, et, is rep-
resented symbolially, so that the agent an reason towards the required goal. Im-
mediately two issues with this approah beome apparent, whih Wooldridge [2004℄
desribes as the transdution problem (translating the real world into a symboli
representation in a timely manner) and the representation/reasoning problem (ap-
propriate symboli representation of information and adequate reasoning using this
representation). Essentially, it is diult to turn the outside world into an inter-
nal model and then to plan with it quikly enough to be useful. Although various
tehniques are used to mitigate these issues, they are fundamental hallenges with
planning for AI systems generally.
We will now disuss some examples of planning algorithms used in traditional AI
planning. The simplest way of thinking of a plan is as a series of ations whih will
take the environment from the initial stage through to the desired goal stage. When
all the possible ations and environmental states are known, it is of ourse possible
to think of this problem as a searhing hallenge  one need only try every possible
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ombination of ations until one that results in the goal is disovered. This is know
as brute-fore searhing.
Two planning algorithms that regard planning as searh are progression and regres-
sion planning [Weld, 1994℄. Progression planning is also known as forward-haining
state-spae searh, beause it starts with the initial state of the world and then works
towards the nal goal. Regression planning is sometimes alled bakward-haining
state-spae searh beause it does the opposite, starting with the desired goal and
working bakwards to nd a sequene of ations that starts in the initial environmen-
tal state. It is easy to imagine that even with a limited number of ations and states,
the number of possible ombinations (and therefore plans) is immense. Searhing
through all the possible ombinations an be highly ineient. More reent researh
(starting with MDermott [1996℄) indiates that the use of appropriate heuristis to
guide the searh an help mitigate this problem, however.
The latter approahes are also sometimes referred to as Total Order Planning, be-
ause the resulting plan is a list of ations that have to be exeuted in exatly the
order provided. A more exible alternative is Partial Order Planning, where the
relevant ations that need to be taken are speied in the resulting plan, but order
of exeution is only speied when neessary. The resulting plan is more a graph of
sub-plans than a xed list, whih allows the planner to take advantage of problem
deomposition. This type of planning is also sometimes alled least ommitment
planning [Weld, 1994℄, beause it allows deisions to be delayed unless there is a
ompelling reason to deide immediately: for instane, when dressing in the morning,
it is possible to delay hoosing whih tie to wear until after one has put on a shirt;
equally, the deision ould be taken the night before if desired.
There are of ourse other lassial planning approahes, the most notable omission
being a disussion of logi-based planning methods. However suitable logi-based and
other similarly mathematial methods may be for omputers, they are very unlikely
to be useful for planning arried out by business people, who prefer less formal
methods. For this reason they have not been inluded in the disussion here, but for
further reading of the area, Wooldridge [2004℄ has a good overview and pointers to
key soures, as do Russell and Norvig [2003℄.
2.4.2 Planning for the Real World
Whihever planning method is atually hosen, lassial planning methods all have
something in ommon  the plan is produed and then followed exatly, with little
regard for hanging onditions that might require dierent ation from that whih
was planned. In theory this is ne, sine the approahes desribed above require the
environment to be bounded and preditable in various ways. However, when trying
to reate agents to at in real-time, in the real world, this kind of simpliation is a
real barrier to eay.
In order to deal with the dynami, non-deterministi nature of reality, we must
build robustness into our planning methods. We have to deide what to do when
something goes wrong (e.g. replan or swap in an alternative plan) and also ope
with sheduling. One way to do the latter is to separate planning from sheduling
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 identifying rst what should be done and then when partiular steps should be
exeuted. A ommon framework for doing this is Hierarhial Task Network (HTN)
Planning, followed by Critial Path Sheduling. Both these approahes may sound
very familiar, sine they are very similar to projet planning tehniques, namely
Work Breakdown Struturing and Critial Path Sheduling.
Hierarhial Task Network (HTN) Planning's key priniple is to break down the
problem into several parts, eventually reating a hierarhy of tasks via ation deom-
position. Ation deomposition is the proess of replaing high-level ations with a
partially ordered set of lower-level ations [Russell and Norvig, 2003℄. The initial
plan is thus a high level desription of the problem to be addressed, whih is sues-
sively rened until only primitive ations are left. The key question in this method is
how the replaements are found  usually a plan library ontains ready-made ation
deompositions from whih to hoose.
This raises another issue: how are the plan libraries onstruted? Ideally when the
agent needs to solve a problem from srath, then the resulting plan is stored in
suh a way that it an be found and reapplied to similar problems. The reality is
quite often, however, that human intervention is needed to populate plan libraries
for use. As Bryson and Stein [2001℄ note,human designers do most of the hard work
in artiial intelligene.
Critial Path Sheduling an be applied one a partially ordered plan has been pro-
dued  various routes forward and bakward through the plan are disovered. The
ritial path is the longest route through the steps in either diretion  a path that
onsists entirely of tasks that annot slip (i.e. have no slak). The sheduler then
prioritises those tasks that are on the ritial path, both in terms of time and re-
soures. The intention is thus that the overall plan will omplete in the shortest time
possible.
Although HTN Planning does give us the framework to reat to hanges in the envi-
ronment, the preise mehanism for reating to non-determinism in the environment
is open to disussion. Next we onsider some ommon options:
• Sensorless Planning  systems that use sensorless planning do not identify
hanges in the environment, but rather onstrut a plan that will ahieve the
goal from any initial environment state. This type of planning is also sometimes
referred to as Universal Planning [Shoppers, 1987℄ and relies on the ability to
oere the environment into the desired state. Although in simple ases this
an work, in situations where irumstanes may well be very unpreditable,
its suess is unlikely.
• Conditional/Contingeny Planning  plans are onstruted with various branhes
to over dierent eventualities. During exeution, hanges in the environment
are sensed and the appropriate plan branh swapped in to amend behaviour
aordingly. The obvious aw with this method is that unexpeted irum-
stanes will have no orresponding plan branh and so the agent will either
stop or possibly ontinue exeuting a potentially ineetive plan. It is also of-
ten diult to identify when a ontingeny should be sought and also to math
the required plan branh to the situation.
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• Exeution Monitoring and Replanning  as the plan is being exeuted, the
environment is onstantly monitored. The system responds to hange by re-
planning. The danger is that in a frequently hanging environment, the system
may keep replanning and fail to at. Valid heuristis to deide when to at,
when to replan and when a plan is good enough are needed for this to be an
eetive planning method. This need has led to the development of Anytime
Algorithms [Zilberstein, 1996℄ whih always return a useful/orret plan, but
produe greater quality plans the more time allowed for proessing.
Another shool of thought fouses on reative and hybrid approahes. One of the
ommonalities of these various approahes is the belief that intelligent behaviour
emerges from the interation of various simpler behaviours [Wooldridge, 2004, p.89℄.
Grand [2001℄ took this onept to the extreme with his work in the area of artiial
life, produing seemingly intelligent reatures by modelling physial entities (inlud-
ing brain synapses and hormones) to build up a omplex being. The more familiar
model used in reative agents, however, is the subsumption arhiteture proposed by
Brooks [1986℄. This multi-tiered arhiteture oers a number of simple behaviours,
organised in a hierarhy  these are mathed to the pereption of the environment
and alled appropriately.
Surprisingly omplex emergent behaviour is possible using this type of approah.
This was originally demonstrated by Agre and Chapman [1987℄ with their PENGI
system. Their agent played a omputer game alled PENGU and exhibited what
seemed to be rational, planned behaviour when in fat it was merely enoded with
some simple opportunisti behaviours. This type of approah seems the antithesis
to the planning already disussed, but in fat there is a great deal of study devoted
to reative planning.
Reative planning is something of an oxymoron. It desribes the way
reative systems handle the problem traditionally addressed by onven-
tional planning: ation seletion. Ation seletion is the ongoing prob-
lem (for an autonomous agent) of deiding what to do next [Bryson and
Stein, 2001℄
Reative planning diers from lassial planning in a key way. Whereas lassial
planning maps an entire series of ations, starting at the initial environmental state
and ending in ahievement of the goal, reative planning is only onerned with the
immediate next ation. Reative plans are therefore onstruts whih speify the
ation to be taken next, given the urrent state of aairs. These are sometimes also
known as ondition-ation rules [Pryor and Collins, 1996℄. In the following setion we
will disuss how this and various other AI planning approahes might be reapplied
to the projet planning domain.
2.5 Disussion :: Parallels Between AI and
Projet Planning
There are a number of parallels between artiial intelligene planning and projet
planning. There are also some lear divergenes. Our aim in this setion is to
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disuss the similarities and dierenes between AI and projet planning, identifying
both avenues that have already been explored and possibilities yet to be tested.
Most striking in the AI planning world is the plethora of approahes, both for takling
lassial planning problems and the issues of operating in the real world. In projet
planning, on the other hand, relatively few alternatives have been proposed, with
most writers in the eld seeming to believe that the traditional projet planning
proess is the ideal.
Although a few bravely try to suggest that some aspets of the traditional projet
management proess are diult to follow for the busy projet team [Anderson et al.,
1988, DeMaro, 1997℄, the majority hoose to believe that the proess is simply
not being followed well enough. Many more stringent methods are suggested, from
improving estimation using sienti methods [Goodpasture, 2004℄ through to having
a spei group of people devoted to planning, separated from the projet [Blok and
Frame, 1998℄.
The piture in AI planning researh is very dierent. A number of methods have
been tried and proven not to be satisfatory, leading to the development of other
approahes and their testing, in turn. Where the reasons for a method being awed
are transferable (i.e. still relevant when planning and exeution is being done by
humans rather than mahines), the lessons learned are potentially very interesting
to reapply to projet planning.
Let us rst onsider lassial AI planning. The attitude to the environment and to
the plans themselves is very similar to the traditional projet management approah.
External events that might inuene the environment are no more onsidered in
traditional projet management than in lassial AI planning. Both appear to believe
that if the initial state, ations available and desired goal state are known, then a
plan an be onstruted. That plan an then be followed exatly and at the end the
goal state will be reahed. Lok [2001℄, however, regards this blind following of a
plan rather disparagingly:
There is an alternative management approah that relies only on outgo-
ing instrutions, with no feedbak or error signals. This is alled man-
agement by surprise beause the manager feeds in work at one end of
the system and is surprised when it doesn't ome out the other! [p.226℄
One denite dierene between lassial AI approahes (suh as progression & re-
gression planning) and traditional projet planning is the approah to task seletion.
Whereas the aforementioned omputerised methods onsider all possible task ombi-
nations and then searh for those sequenes that begin in the right state and end in
the goal state, human beings employ ltering in seleting tasks. This is both logial
(knowing, for instane, that shoes should not be put on before soks) and sometimes
based on previous experiene (e.g. knowing that writing a long doument will take
at least three times as long as originally estimated).
Humans have an intrinsi ability to onsider only the most relevant potential ations.
They are also adept at learning from experiene and applying this knowledge to
situations identied as similar. An example of this type of ltering is disussed by
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Cauleld and Bryson, when investigating how humans hoose their next move when
playing hess. People are also good at identifying ases where the order of ation
does not matter, so although Partial Order Planning was a great breakthrough for
AI planning, it would not be a new onept to projet planning. Although some
plan representations fail to show the non-sequential nature of some tasks, the most
popular  the Gantt hart  is perfetly suited to do so.
When we onsider AI planning methods that have been developed for operation in
the real world, however, more parallels and opportunities beome apparent. Hi-
erarhial Task Networks evidently lean heavily on the Work Breakdown Struture
plan format that is an integral part of traditional projet planning. Sensorless Plan-
ning is sadly similar to the management by surprise situation desribed above by
Lok [2001℄, but Conditional/Contingeny Planning seems an interesting avenue to
explore.
Traditional projet management does not identify ontingeny planning as a needed
step, however sensible it may seem to onsider situations that might arise and on-
strut alternative plans. The only method that advoates suh an approah is in fat
a software engineering methodology  Boehm's Spiral Model [Boehm, 1988℄. This
methodology is foused around risk management when building software : after eah
iteration of gathering requirements, designing, implementing and testing, there is an
expliit risk analysis stage.
Some other projet management texts, suh as Kliem and Ludin [1993℄, suggest that
risk analysis is an important proess, helping reations to problems to be reasoned
and onstrutive rather than the rst solution to ome to mind, but most do not
over risk management beyond the initial feasibility study. Even in those ases where
risk management is disussed, it is not regarded in the same way as AI's ontingeny
planning. Rather than providing new branhes of the plan to replae the existing
plan, risk management strategies are usually just measures to overome the risk,
with the projet thereafter ontinuing to follow the original plan.
In fat, the approah that is presribed by those texts that do reognise that the
environment or irumstanes may hange is most similar to the AI approah of
Exeution Monitoring & Replanning. One might assume, therefore, that the issues
experiened when using this approah in artiial intelligene are overome by a
human planner, in the same way that the ation seletion problem is. Unfortunately,
this is not the ase. Although most texts hold that replanning is needed whenever
irumstanes hange, they also bemoan the time that this takes:
The projet manager beomes suked into a spiral of planning and re-
planning. He must assign new roles and responsibilities for new work,
while old resoures are assigned to new tasks for whih they are unsuit-
able. Eventually, the projet manager spends so muh time replanning
that he eases to manage [Anderson et al., 1988, p.16℄
One dierene is in where the problem lies. At root, the issue is that too muh time
is spent replanning rather than ating  the result being that when the irumstanes
are hanging frequently, the planner an end up failing to at ompletely, stuk in a
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replanning loop. What tends to take up most of the AI planner's time is hoosing
the orret ourse of ation  whereas in projet planning, human planners tend to
update the tasks relatively easily and orretly, but problems our in another area:
estimation.
Estimation is not only a problem when replanning  it is learly a hallenge through-
out the planning proess, with a great deal of researh dediated to improving estima-
tion methods. Quantitative methods are suggested by Goodpasture [2004℄, weighted
averages by Kliem and Ludin [1993℄ and rules of thumb by Sommerville [2001℄. In
pratie, however, estimation appears to be the area most skimped upon [Williams℄.
This is truly dangerous, sine a detailed plan with inorret estimates is often a
sign of Can Do management [DeMaro, 2002℄  and indistinguishable to stakehold-
ers from a real plan. This, ombined with inadequate traking and reporting, an
lead to runaway projets that go over shedule and budget without the stakeholders
realising.
An approah that has little reetion in projet planning methodology is Reative
Planning. This seems ounter-intuitive, sine it is the area most foused on reating
to hanges in the environment. In some ways, though, it makes sense, sine projet
management is speially targeted against purely reative behaviour. A situation
where the projet manager is simply reating to events in the short term is regarded
as the undesirable inverse to a mediated, long term, planned ourse of ation. Thus,
reativity is frowned upon, as exemplied by Kliem and Ludin [1992, p.77℄:
Projet managers must follow their plans. Little sense exists in investing
muh time and money in building plans and then never taking time to
ensure that everyone (inluding themselves) follows them. Yet not only
do few projet managers plan, but they very rarely follow the plans they
have developed. They may build an elaborate plan perhaps to prove to
their management and themselves that they know what they are doing.
Then they quikly deviate from it. The result is projet managers with
a reative style of management. The projet is replete with examples of
management by onfusion, management by drives, and management by
risis. Projet managers soon ask themselves: What went wrong?
As we have already disussed, however, the advoated exeution monitoring & re-
planning approah is deeply awed, beause too muh time is spent adjusting the
plans rather than atually modifying the ations. So perhaps there are lessons to be
learned from Reative Planning? The rst to ome to mind is the shorter term fous.
As previously stated, the key task of a reative planner is seleting the immediate
next ation, taking into aount the long term plan, the environment and state and
the ations available.
The only similarity that ould be found in projet management is the rolling wave
approah advoated by Anderson et al. [1988℄, where detailed planning is only at-
tempted when the relevant setion of the projet is about to be undertaken. This
does not prelude longer term, less detailed planning (whih is indeed also the ase
in Reative Planning), but allows the fous on spei ations to be taken only when
appropriate. This has the added benet that the overall plan does not have arbitrary
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detail in areas that are far into the future and therefore less likely to be orretly
planned.
We also again have an analogy to risk management  the ondition-ation pairs that
are a key struture in reative plans are similar to risk plans, where a potential
risk is desribed and the ations to be taken to mitigate it if it ours. In fat risk
management is often dealt with by managers in a very reative manner  when a
risk senario plays out, the risk plan is seldom fed into the overall projet plan, but
instead followed outside of the normal ourse of operation to deal with the risk.
Arguably diret reappliation of reative planning would be diult, sine a great
deal of skill is required to translate reative behaviour (i.e. hoosing the immediate
next ation) into goal attainment (i.e. ahieving the end-state atually desired).
However, this does seem the most interesting area to explore in order to develop a
method for dynami and exible projet planning. The eventual fous on the goals to
be attained and the behaviour that emerges from the simple seletion of next-ations
ould prove to be highly useful in fousing projet teams on projet results rather
than day to day tasks.
Having onsidered traditional projet planning and the existing alternatives, we have
found that there is no suessful methodology designed for exible projet planning.
We therefore turned to the area of Artiial Intelligene planning, onsidering tra-
ditional approahes, nding that these were similarly awed. In examining more
reent advanes in AI planning, however, we have found some interesting onepts,
partiularly in the area of Reative Planning. In order to apply these to projet
planning, however, we must rst delve deeper into the way that projet plans are
atually used, whih is the fous of the next hapter.
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Chapter 3
Dynami Planning  A New
Approah
3.1 How Are Plans Really Used?
The various projet planning approahes already onsidered make assumptions about
how plans should be used. Some of those that disuss the issues with traditional
projet planning onsider the reality of where this proess falls down, but almost all
assume that the root issue is lak of adherene to the advoated proess, rather than
the proess itself.
In AI planning, however, beause the planning methods are being followed by agents
rather than people, it is easier to measure where the proess itself may be the prob-
lem. One programmed with a ertain approah, absolute adherene an be expeted
from agents and indeed it is possible to step through the planning proess and see
the plan being onstruted and followed
1
.
As indiated when disussing the various AI planning approahes, issues and limita-
tions have been investigated and identied. Why then is this not the ase in projet
planning? In fat some soures (for instane Chatzoglou and Maaulay [1996℄) have
examined the limitations of various methodologies. DeMaro [1997℄ also disusses
the typial failings of the projet planning approahes. Most of the researh in the
area fouses on problems with the planning proess. Little or no researh appears to
disuss how the plans produed by the existing approahes are atually followed.
Although the simple at of onstruting a plan an be very useful to gain a fuller
understanding of the projet, an idea of whih areas will be espeially hallenging and
where potential resoures onstraints will ome to light, most projet management
texts intend the plans to be followed. As we heard from Kliem and Ludin [1992℄
earlier, projet managers must follow their plans and ensure that the team does as
well.
1
Testing in this way (where the inner workings are examined) is known in software engineering
as White Box Testing [Sommerville, 2001℄.
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3.1.1 The Diret Researh
In order to investigate whether this atually happened in pratie, a number of
plan users were surveyed. On the one hand, a group of Information Tehnology
managers from a large multinational orporation were approahed  let us refer to
this as Group A. Due to the nature of the orporation and its training strategy, these
individuals were all likely to have taken very similar projet management training.
They were also at dierent stages in their development as projet managers, from
relative novies in harge of smaller sale projets through to large regional or global
projets. The expetation was, therefore, that they would use similar plans and
planning tehniques, but apply them to projets of various levels of omplexity and
in various stages of maturity.
The seond group (Group B) was a more random sample, onsisting of individuals
who responded to a all for respondents by the author, either in person or on the
Internet. This group inluded students, tehnial managers at various rms and
leturers. The expetation was that this group would be involved in diverse types
of projets, although all would be related to tehnology in some way (due to the
reruitment method). Equally it ould be expeted that the individuals in this
group would not all follow the same method for projet planning or use the same
type of representations.
All respondents were asked to desribe the planning proess they typially used, as
well as the plans produed, inluding samples where possible. Follow-up interviews
were held to pursue partiular points and to larify assumptions. Although the
sample size was relatively small (a total of 12 respondents, split equally between the
groups), the open-ended nature of the questions meant that a great deal of interesting
qualitative data was gathered.
3.1.2 Key Results
There were three general plan types that ourred again and again in the desriptions
and samples of the respondents. The most popular (whih 92% of respondents had)
was a Gantt hart style plan. This was typially used for broad projet team and
stakeholder ommuniation, often with the same plan being used for both groups.
Most of the plans onsisted primarily of tasks, showing duration, start date and end
date for eah.
However, on a number of plans milestones were also identied and almost all of
the plans that were intended for group use also exhibited some form of resoure
alloation. This varied from the very simple (initials on the task bars) through to
the omprehensive & omplex (olumns orresponding to the RASCI role assignment
model previously mentioned).
The most interesting thing about the Gantt harts was not the ontent, but the
users' attitudes and omments about their use:
But to be honest, this is written at the start and then it just merges into
my todo list in xls [Mirosoft Exel spreadsheet tool℄   Respondent A5
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The Gantt hart is out of date!  Respondent B2
[The Gantt harts are℄ referred to and updated in fortnightly meetings
during the projets  Respondent A2
... you need disipline to keep going bak to the original plan  Re-
spondent A4
The impression here is that at best the plans are updated every two weeks and in
some ases they are not updated at all! The fat that they are often not referred
to exept on an infrequent basis strongly suggests that they are not used to deide
the day-to-day ations of the team members. Respondent A5 alls this out in the
rst quote above and the talk of todo lists and ation plans by a number of other
respondents supports this assumption.
It is not surprising, therefore, that the next plan type was the personal todo list or
ation plan. The former is the ubiquitous list of tasks that an individual plans to
undertake; the latter is similar in struture but usually deided upon during a team
meeting. Oasionally ation plans are for the entire team (with responsibilities
indiated) and so are projet rather than individual ation plans. The struture of
this type of plan again ranged from the extremely simple (the simple list of tasks)
through to annotated versions of the todo list, for instane showing deadlines or
notes and nally to more omplex forms (suh as the time management grid shown
in Table 3.1).
The third type of plan, whih arguably ombines the two already mentioned, was
the augmented alendar. This type of plan essentially onsists of a standard al-
endar, marked with deadlines, milestones and tasks. An example an be seen in
Figure 3.1 on the following page. The key advantage of this type of plan is that it
makes it easier to handle multiple projets and priorities  the user an set time aside
to work on eah. Although these were only expliitly alled out by the members of
Group B, further investigation found that those in Group A all use a entralised
orporate alendar system to book and keep trak of meetings, events and appoint-
ments. They indiated that beause this is standard proedure aross the orporation
these type of plans are so integral to their daily work that they did not even think
to mention them.
Important and Urgent
Tasks
E.g. Finish write-up
Important but Not Ur-
gent Tasks
E.g. Revise for exams
Urgent but Not Impor-
tant Tasks
E.g. Go to sale
Not Important and Not
Urgent Tasks
E.g. File bills away
Table 3.1: Time Management Grid
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Figure 3.1: Augmented Calendar Example
2
The key learnings from this investigation an be summarised as follows:
• Most respondents (92%) use a Gantt hart style of plan, but this is often not
kept up to date.
• All respondents reported using an additional individual plan, either in the
form of a todo list or the hybrid approah of the augmented alendar. Some
respondents use both of these in additional to projet plans.
• Almost all (11 out of 12) used olour in their plans to add extra information.
• Half reported that their plans inluded resoure alloation (primarily human
resoures & responsibilities).
3.2 What Does This Mean For The Existing Planning
Methodologies?
The most interesting nding is that individuals all have personal plans in addition
to projet plans. This, ombined with the omments about the out-of-date nature of
most of the projet plans, indiates that respondents do not use the projet plans to
deide their everyday ations. Even when they are in ontrol of the overall projet
plans, users report that they still have personal todo lists and often do not keep the
projet plans up-to-date.
What does this mean for existing projet planning methodologies? If the plans are
not being used to deide day-to-day ations of the projet team members, then it
means that any time spent inserting detail of what ations are to be taken and when
is arguably time wasted. Nevertheless, the plans are still used in other ways, so the
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hallenge is to identify the bare minimum planning that ould be done and keep the
plans useful.
Another lear message from the Literature Survey and the diret researh is that
the Gantt hart is a very popular plan representation. Despite the emphasis in
both projet management and software engineering on network diagrams, none of
the respondents (who all work in Information Tehnology roles) identied network
diagrams as a form of plan that they used. In fat, a few respondents identied the
dependeny visualisation of Gantt harts as relatively useless, iting the umbersome
nature of this funtionality in most planning software pakages as an irritation.
3.3 The Need For A New Approah
So far planning in general may have seemed somewhat disappointing  there appear
to be ountless problems with the methods used to onstrut plans, their represen-
tation and the way in whih they are followed. Nevertheless, planning is essential
to ensure that projets ahieve their objetives, agents meet their requirements and
that both people and agents take the best ation to ahieve the desired goal.
What has beome lear, however, is that there is a denite deieny in the existing
projet planning methodologies. We have already seen that some great advanes
have been made in the eld of artiial intelligene planning, though, so perhaps
some of this knowledge ould be reapplied to the projet planning domain.
This is in fat the approah that we will take in the following subsetion, but rst
let us reap the key problems with existing projet planning methodologies and the
plans they produe:
• Planning is a time-onsuming proess, whih is often negleted .
• Estimation is a key hallenge and, when done badly, results in inorret plans
that may nevertheless seem redible.
• A great deal of time and energy is put into planning, but then the projet plans
are not used as intended.
• Projet plans usually onsist of tasks whih the projet team are intended to
follow, but in reality most individuals prefer to follow their own todo lists or
ation plans.
• Projet plans are frequently out-of-date, supporting the tendeny to plan sep-
arately at an individual level.
• Although there are multiple plan formats available, only a few appear to be
used.
It is obvious that there are a number of problems in three key areas: the way that
the plans are onstruted, their format and the way in whih they are used. In order
to onstrut a projet planning methodology that provides suient exibility to
meet the demands of modern projets, all these areas will need to be addressed.
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3.4 Proposal: Dynami Projet Planning
In dening a new projet planning methodology that deals with the aforementioned
problems, we will take a somewhat unonventional route, working bakwards and
starting with the issues in how plans are used, then disussing the format and nally
the method of onstrution. This is so the entire methodology is onstruted with
the end in mind  providing exible plans that are an asset to the projet team and
help projet managers reat to hanging irumstanes.
3.4.1 How Will The Plans Be Used?
To go bak to Agre and Chapman [1989℄ and their seminal paper What Are Plans
For?, one key distintion that an be drawn between plans is their purpose. On the
one hand there is the Plan-As-Program, where the plan provides the exat ations
to be taken, the order in whih to do so and often a shedule as well to show when
tasks should be ompleted. As we have seen, most AI planning methods provide
exatly this type of plan. This is in one way not partiularly surprising, sine it is
well aepted that omputers need expliit instrutions to perform tasks
3
.
What is surprising, however, is that most of the projet planning methods produe
Plans-As-Programs too. Humans are the key example given of autonomous ation,
of almost subonsious planning to ahieve a wide variety of tasks. People have the
amazing ability to adapt to totally new onditions, one reason that the human rae
has spread to every ontinent and survives in limates of every extreme. We, as a
rae, also have the enviable ability to learn from one experiene and reapply the
knowledge to an alternative situation, both identifying the similarity and adapting
the original situation to the new irumstane.
All these things ombine to make it seem strange that plans for use by humans are
Plan-As-Program, rather than Plan-As-Communiation, where the plan is used to
ommuniate the goals to be ahieved in a far less spei way. Nevertheless, this
seems to be the standard. What we have already seen when asking people how they
use projet plans though is that the presription of ativities is ignored. People seem
to reognise in themselves the ability to deide exatly what to do for themselves
and to do so regardless of the level of detail supplied in the plan.
One explanation of why this is so omes from the area of management study referred
to as Organisational Behaviour, whih fouses on internal dynamis in ompanies. A
revolutionary book by MGregor [1960℄ hallenged the ore assumptions of the si-
enti approah to management, begun by Frederi Taylor in the 1890s. He referred
to the existing approah as Theory X and to his alternative as Theory Y. The
key attributes of eah approah an be seen in Table 3.2 on the next page, whih
was onstruted from information in Buhanan and Huzynski [2003℄.
Despite the fat that most modern organisations subsribe to MGregor's Theory Y,
rather than the more traditional approah that demands employees be told exatly
3
Some new approahes, suh as the Artiial Work typied by Grand [2001℄, take the alternative
approah that software agents an be built up with the inherent ability to take deisions and perform
tasks, but the programmed method is still very muh the standard.
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what to do, the plans used in suh organisations do not reet this shift at all. Despite
orporate poliy of distributing authority and responsibility, enouraging employees
to take pride in their work and to be reative, projet plans are still full of tasks,
telling employees what to do and in what order to do so.
Theory X Theory Y
Average person inherently dislikes work Work is as natural as rest to people
People must be direted to work
People will exerise self-disipline and
self-ontrol
People wish to avoid responsibility People enjoy real responsibility
People feel ahievement at work is
irrelevant
Ahievement is highly valued by people
Most people are dull and unreative
Most people have imagination and
reativity
Money is the only real reason for working
Money is only one benet from work
People lak the desire to improve their
quality of life
People have needs to improve their
quality of life
Having an objetive is a form of
imprisonment
Objetives are welomed as an aid to
eetiveness
Table 3.2: Key Tenets of Theories X and Y
So how should plans be used? Well, sine a number of those interviewed are very
suessful, one an assume that the way that they use plans is valid. We should
expet projet team members to supplement projet plans with their own personal
plans, in the form of todo lists, or ation plans, or augmented alendars. The key
need therefore is for the projet plan to ommuniate the objetives, priorities and
immediate goals of the projet.
It is important, at this stage, to note that dierent roles require dierent things from
the projet plan. The projet manager needs to use the projet plan to trak progress,
so that adjustments and interventions an be made. They also need to be able to
plan key resoures, at least in the short- to medium-term. Other stakeholders may
need a high-level view of the projet progress to date and upoming work. Although
the Systems-Gap-Working-Party [1984℄ found that a key issue was one size ts all
plans and that diering plans, with diering levels of detail, should be onstruted
as appropriate for the various stakeholders, this either needs to be ahieved without
a great deal of extra eort, or the standard plan needs to meet at least the basi
needs of all involved.
Based on the indiations thus far, we will assume that task planning an be disarded
and that the following are the key ways in whih plans will be used:
• Projet team members will use the plans
 to identify urrent objetives, priorities and short-term goals
 to soure their individual task/ation plans
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• Projet managers will use the plans
 to map out the objetives, priorities and goals of the projet
 to trak projet progress and identify adjustments/interventions to be
made
 to alloate resoures and identify any resoure onits
Essentially we are reapplying the priniples of the Reative Planning AI approah,
but relying on the projet team members to make the appropriate ation seletion
based on the ontext and environment. This allows the projet manager to fous
the plan on the hanges to be ahieved with the projet (just as reative agent
programmers fous on the emergent behaviour desired from the agents). It also allows
a more motivational working environment for the team members, sine this approah
will allow their reativity and autonomy to shine through and fuller responsibility
and authority to be distributed to eah team member.
You will notie that we have exluded the way that other stakeholders will use the
projet plan. This is both to narrow the fous and based on the assumption that the
projet plan may not be the best ommuniative tool for stakeholders outside of the
immediate projet team. This is arguably an area that deserves further investigation
at a later stage, however.
3.4.2 What Will The Plans Look Like?
Now that we have set out the key priniples and assumptions as to how the plans
will be used, we an fous on what the plans themselves will look like. Although
we reviewed a number of dierent plan representations during the Literature Survey,
it beame apparent during the researh that very few of these are used in pratie.
Although it ould be argued that this is beause most of the plan representations are
not fully understood, for our purposes here we will assume that the most prevalent
plan type is popular beause of its utility and simpliity.
The most popular is of ourse the Gantt hart. Its simpliity and graphial nature
allow for at a glane understanding of the projet, or the work urrently being
undertaken, but it an also be augmented with a great rihness of detail. As we
saw during the diret researh, no single standard format is used aross the board.
The key features of the Gantt hart are bars to show ativities, with their length
indiating their duration (sine the x-axis shows a time sale). Colour-oding is used
in various dierent ways as well, the only real standard being its presene  even plans
onstruted by a blind user who partiipated in the study inluded olour-oding to
denote projet phases!
Based on the number of variations disovered even when surveying only a small
group, the key requirement thus appears to be exibility in the presentation of the
plans. Thus, the plans will be loosely based on Gantt harts, but the primary feature
of the plans will be that they allow the users exibility in how they hoose to denote
responsibility, resoure alloation, progress and so on.
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The traditional Gantt hart does have a key disadvantage however  the basi unit
is the task. Sine we have already deided that plans whih lay out exatly what
needs to be done and when are a) not used as intended and b) not designed to take
advantage of human skills, a plan that onsists ompletely of tasks and the times
when they should to be performed is obviously not ideal.
Other researhers have identied that ativity planning is often not useful [Anderson,
1996℄, but usually with a fous on the inability to orretly plan detailed ativities
at the beginning of the projet. Anderson, Grude, Haug, and Turner [1988℄ earlier
suggested Goal-Direted Planning that fouses on what the projet is aiming to
ahieve and a more reent paper by Anderson [1996℄ suggests Milestone Planning
instead. The key issue with both of these approahes is that they produe plans
that are muh more akin to the seldom-used network diagram than the ubiquitous
Gantt hart. Additionally, they propose this milestone-foused planning only at
the beginning of a projet, advoating detailed ativity planning in a rolling wave
approah.
We propose a muh more radial approah, ombining the Milestone Planning ap-
proah with AI's Reative Planning. In our plans, there will be no tasks, only
milestones. Task planning is left to individuals and left ompletely out of the overall
projet plans. We also inorporate the idea of miniature milestones proposed by
MConnell [1996℄ (sometimes also known as inh pebbles). These allow milestones
to be divided into submilestones and these in turn to miniature milestones.
Ideally a miniature milestone should signify a result ahievable within a week. This
allows the projet manager to easily trak progress, in fat muh more easily than
was possible with traditional task-based plans, sine a milestone is either ahieved
or not. They are binary measures of progress, rather than relative measures  tasks
an be 10% omplete or 90% omplete and the measurement relies ompletely upon
estimation, a generally awed ativity (as we have seen).
There are a number of advantages to this approah. It fouses the team on what
is meant to be ahieved in the projet, rather than the ativities that they will
engage in to ahieve the end result. This should lead to more aggressive pursuit of
results, rather than spending time working on the alloated ativities at a partiular
time. Milestones are also less likely to hange than ativities. This means that the
projet plan will be more robust and the reativity to the hanging environment
left in the hands of the person responsible for delivering the milestone, arguably the
best equipped to detet and respond to hanges in situation as they our. The
easy progress monitoring will also help the projet manager identify when extra
investigation or intervention is needed.
The one remaining problem is the reoniliation with the representation of milestones
in a Gantt hart style. Milestones are typially represented as a irle with some
symbol that is linked to its desription. As mentioned, Milestone Plans are usually
more like network diagrams than anything else. A key advantage of the Gantt hart
is also that the bars give some indiation of duration, whih helps to identify any
resoure onits.
In order to solve this dilemma, we will represent milestones as bars, with the right-
hand edge of the bar representing the time period in whih the milestone will be
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Figure 3.2: Dynami Plan Example (medium-preision)
ompleted and the length of the bar giving some indiation of the amount of eort
expeted. Another advantage of this approah is that it is onduive to planning at
various levels of preision. In the initial planning stages, a milestone's due date may
be expressed in terms of a partiular quarter or even year. Later on it may be tied
down to a partiular month or week. An example of a medium-preision dynami
plan an be found in Figure 3.2.
To summarise, the key features of our plans are as follows:
• The basi unit of the plan is the milestone, shown as a Gantt hart bar, with a
due date and an eort estimation to show when resoure is likely to be needed
against ahieving that milestone
• Milestones ontain submilestones and miniature milestones to aid progress
traking
• Colour-oding and milestone labelling (as text alongside the milestone desrip-
tion) are both available to be used by the user as they wish (e.g. for resoure
alloation or traking delays)
3.4.3 How Will The Plans Be Construted?
In disussing the plan that is the output of the planning proess, we have of ourse
disussed some aspets of how the plans are onstruted. Therefore here we will
merely summarise the proess.
At the beginning of the projet, a low preision plan will be onstruted, to ommu-
niate to the projet team the key aims and objetives of the projet. This will be
done by dividing the end result of the projet into a number of oarse milestones,
identifying the key deliverables that will add up to the desired produt or hange.
The medium preision plan needed later on will be onstruted by dividing eah
milestone into a series of submilestones, adding resoure alloations and any other
information that is needed. Higher preision plans will inorporate miniature mile-
stones as well, but these should only be onstruted for the immediate next phase
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of the projet. This avoids planning detail far into the future, when it may not even
been needed or issues are not well understood.
During the original bakground researh for this projet, various existing planning
pakages were reviewed. The details of the review an be found in the appendies.
The net outome, however, was that all existing software was very muh geared for
task-based Gantt harts  to the extent that it proved impossible to attempt to
onstrut a milestone plan, or the dynami plans suggested here, using them. For
this reason, it was neessary to develop software speially designed to support
Dynami Planning, in order to evaluate the methodology. In the next hapter we
will disuss this proess and the appliation produed.
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Chapter 4
Development of The Dynami
Planner
To failitate the evaluation of the Dynami Planning approah, it was neessary to
build software that would support planning in this way and produe the type of
plan speied in the previous setion. Here we will doument the proess followed
in developing this software, as well as disussion of key deisions that were taken.
4.1 Approah to Development
The hallenge was to produe a useful piee of software in a relatively short spae of
time. For this reason, a software development proess that supports rapid, evolution-
ary prototyping was needed. An iterative approah seemed prudent and it was also
deided that having fully funtional software at the end of any given iteration would
be desirable, in ase any risk fators presented themselves and ut development short.
For all these reasons an Extreme Programming approah was hosen, as desribed by
Bek [2004℄. The key advantages of Extreme Programming are its fous on simpliity
and elegant design, working ode at every stage and a steady, preditable progression
from one release to the next. Some aspets of the proess ould not be followed, most
notably the Pair Programming and Customer Always Available tenets : the former
was not possible beause the assessment for this projet must be individual and the
latter diult beause there was no real ustomer for the projet.
4.2 Tehnology Seletion
The need for rapid development was again a signiant fator when an appropriate
tehnology needed to be seleted. So was the nature of the appliation  sine the
intention was for it to help the user onstrut a projet plan, a graphial user interfae
(GUI) was required and so the availability and quality of GUI toolkits also needed
to be onsidered.
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Another key deision was whether the appliation should be web- or desktop-based.
Having reviewed a similar projet undertaken by a previous student in 2003/4 [Rihards,
2004℄, where the implementation was web-based, the usability issues presented by
having to reload the page every time information was stored or loaded seemed to
advise against the development of a web-based system
1
.
Thus, the list of potential tehnologies was redued to those apable of desktop-
based GUI appliation development. The key options in this area were traditional
languages suh as C++ and Java and modern sripting languages suh as Python
and Jython.
Both C++ and Java were strong ontenders due to their objet-orientation sup-
port and extensive GUI libraries. Although C++ has no native GUI libraries, the
wxWidgets/wxWindows toolkit [wxWidgets Website℄ is a freely available resoure
that provides all manner of native-style widgets for GUI development on various
platforms. The Java Swing/AWT toolkits [Java Website℄ have their own distintive
look & feel, but sine Java itself is apable of running on any platform that supports
the Java Virtual Mahine, this option is also platform-independent.
As already mentioned, however, rapid development was the key aim and for this
sripting languages learly exel. Their redued formality and high-level funtional-
ity helps the developer to ode quikly. Sine less ode is typially produed by a
sripting language ompared to the more traditional languages already mentioned,
some also suggest that debugging is easier [Pilgrim, 2004℄. Python provides a hoie
of GUI toolkit, inluding Tkinter (the native toolkit whih is unfortunately some-
what limited) and wxPython [wxPython Website℄  a Python API to the wxWid-
gets/wxWindows C++ GUI libraries already disussed above. Jython [Jython Web-
site℄, in turn, provides all the exibility of sripting language but with full aess to
all Java's standard libraries  inluding, of ourse, the Swing/AWT toolkits.
The hoie was thus between Python and Jython. Either hoie would require learn-
ing a new language, but sine Jython essentially uses the Java Swing/AWT GUI
toolkits whih I had previously used, only Python oered the prospet of a new pro-
gramming language and a whole new GUI toolkit. Sine one of the objetives for
the projet was to gain new skills, this option seemed more hallenging and therefore
more desirable.
4.3 Requirements Eliitation
4.3.1 Proess Followed
Sine the software was largely developed as a vehile for testing the Results-Foused
Planning methodology, muh of the requirements eliitation onsisted of inspeting
the methodology and identifying the proess steps that needed to be supported. This
1
Although more reently the development of the AJAX (Asynhronous Javasript And XML)
tehnologies [Garrett, 2005℄ has heralded a new era of fast and responsive web appliations, at the
time when the tehnology was hosen for this projet, the AJAX approah was relatively unheard
of.
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was supplemented by evaluating existing planning tools to identify whih features
worked well, whih less so and whih were inompatible with the new proess.
The key vehile used to identify requirements from the methodology desription
were User Stories [Bek and Fowler, 2004℄, the primary building blok of Extreme
Programming. User stories are a way of desribing software features, based on the
popular Use Case requirements speiation method [Cokburn, 2002b℄. Whereas
the primary fous of standard use ases is to speify the exat behaviour of the
system so that development team and ustomers an agree on what ought to be
implemented, the fous of user stories is to divide the funtionality into hunks that
an be delivered inrementally. The full user stories an be found in the Requirements
Doument in the appendies.
The requirements eliitation and speiation proess was well-suited to this projet.
Sine there was only one developer and no real ustomer for the system, the relative
informality of some of the proesses did not ause any operational diulties. Had
the software been intended for general release as user software, then to omplete
it in the same amount of time would have required a larger team, a learly dened
ustomer or user group and potentially a more rigorous struture to the requirements
gathering and doumentation, to ensure that all stakeholders were properly informed.
Additionally, a more user-entri requirements eliitation proess (for instane one
of the various options disussed by Preee et al. [2002℄ ) would have been preferable.
4.3.2 Key Requirements
Sine only the basi funtionality was needed to arry out initial tests into the eay
of the new methodology, this was the primary fous during the development phase
of this projet. Nevertheless, the requirements eliitation did extend further, to
the intermediate and advaned level requirements whih would make the Reative
Planner suitable for use as a standalone piee of user software for projet planning.
These are doumented in the appendies as referene for further work.
The key basi requirements that needed to be satised for the purposes of this par-
tiular projet were as follows:
• Allow onstrution of a plan ompletely from milestones
• Display the plan as a Gantt-style hart, showing milestones and estimations of
the duration of the work to ahieve those milestones
• Allow the user to save the plan, as well as to reopen and edit it
Although these may seem deeptively simple, the resulting appliation is surprisingly
powerful. The approah taken throughout was to allow the user as muh exibility
as possible, to extend or adapt the plan as they wished. This resulted in a very
useful appliation, despite the apparently sparse feature set.
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4.4 System Design
4.4.1 High-Level Design
The overall arhiteture of the system reets the Model-View-Controller (MVC)
pattern [Krasner and Pope, 1988℄ for user interfae design. This pattern separates
out the appliation appearane (View), the appliation data (Model) and the user
interation with the data via the interfae (Controller), so that eah aspet an be
worked on independently. Although this pattern is useful in terms of ode division
and lean design, it has the added benet that representations, interations and data
are separable. This means, for instane, that the way the plan is displayed within the
appliation is separated from the atual plan data, so exports to alternative formats
should be easily implementable.
The ode struture of the appliation mirrors the MVC pattern well. Corresponding
to the View aspet, there is a speiation of the struture, omponents and look and
feel of the user interfae itself. The Controller onsists of a number of event listeners
and event handler methods  when the user manipulates the interfae, then the event
listeners detet the user ation and all the orresponding event handler method.
This, in turn, updates the data (Model) as appropriate. Although the Model ode
is ontained in a separate lass le (planData.py), the View and Controller ode are
both ontained in one le (PlannerGUI.py) due to the way in whih the wxPython
framework works.
4.4.2 User Interfae Design
The Graphial User Interfae (GUI) was rst moked up in a series of paper proto-
types. The starting point was a omposite of the various interfaes of the existing
planning software pakages that were reviewed. Then everything that was not ne-
essarily relevant and required by Dynami Planning was ut away, inluding start
dates, end dates, resoure alloations, ompletion perentages and so on. From this
stark basis, a number of skethed iterations led to a design that was suiently
advaned to be implemented.
Obviously during the ourse of development the interfae developed further as fun-
tionality was added. Throughout, the user interfae design priniples artiulated by
Sommerville [2001, p.330℄ were used as a heklist to identify possible problems with
the interfae. Additionally, a number of Quik & Dirty interfae evaluations (as
desribed by Preee et al. [2002, p.341℄) were exeuted with experiened planners.
Although these were perhaps not as eetive as full user/ustomer involvement in the
design proess might have been, it was suient for this projet, given the priority
to produe software to test the methodology rather than a full produt.
4.4.3 Overview of the Interfae
As an be seen from Figure 4.1 on page 35, the user interfae for the Reative
Planner onsists of two basi grid strutures with a sliding separator down the middle.
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The left-hand grid is used for data input  this is where milestone data is entered,
inluding due dates and so on. The right-hand grid displays a Gantt-style hart,
whih is updated as the user adds or edits the milestone information.
It was important to allow the user to see the overall plan as they were adding
milestones or updating durations, whih is why the diret input approah was hosen
for the main sreen. This was a lesson learnt from a previous student's projet
[Rihards, 2004℄, where the input had been implemented as a series of web forms,
separate from the plan itself. Immediate response (i.e. the updating of the Gantt
hart as soon as the user entered more milestone data) is also important, beause
during planning it is useful to be able to examine what if? senarios [Kliem and
Ludin, 1993℄. Other aspets of the user interfae all aim to be standard and therefore
onsistent.
The data input itself is very simple, following repeated feedbak during the diret
researh stage that software pakages suh as MS Projet oered too many options.
Many of those interviewed reported that the interfae often led them to setting
exat deadlines or introduing arbitrary nonexistent dependenies in order to make
the plans display as desired. Additionally, beause the time dimension in MS Projet
(and similar) plans is very rened from the outset  usually set to days  the plans
appear very preise from the beginning. This an often lead to a false sense of
ondene in the estimates inluded in the plan, whih later leads to exaerbated
problems when these estimates turn out to be awed.
For exatly this reason, the Dynami Planner defaults to a oarse time dimension.
Sine the intention is that the user will rst onstrut a low preision plan, onsisting
purely of milestones, the default (as shown) is that months are displayed. Equally,
for large projets, the time dimension might be quarters or years. As the projet
progresses (and so the planning), the plan will graduate to a medium- and eventually
high-preision version, adding sub-milestones and miniature milestones. As previ-
ously stated, miniature milestones should never represent less than a week's work,
so the most rened timesale will orrespond to weeks.
Nevertheless, it may still be neessary to mark a partiular day  for instane, there
is a lear deadline for this projet and it is important to note the atual day and time,
rather than just the relevant week. Flexibility is thus desirable in the representation
of the plan itself. For this reason, there is an unstrutured notes eld, to be used
as the user sees t. In our given example, this would therefore be used to add in
the details of when the dissertation should be handed in. Equally, the milestone
desription ould also inlude the due date.
Colour oding of the milestone bars (whih has not been implemented, but should
be if the planner was to be developed into a proper user software pakage) is another
feature designed to allow the user exibility. One way in whih it ould be used
would be resoure alloation, ahieved by assigned a partiular olour to a person or
resoure. Another would be traking of whih milestones were ompleted by their
original due date, perhaps by olouring those that overran in red.
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Figure 4.1: Sreenshot of the Reative Planner (running on Linux)
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4.5 System Implementation
The system was implemented in a series of iterations, eah iteration ontaining a
number of features mathing the user stories in the requirements doument. Any
framework required for a partiular funtionality was implemented along with the
relevant feature, in aordane with the Extreme Programming priniple of building
ode only when it is atually needed [Wells, 2004, "No Funtionality is Added Early"℄.
An example of this was the storage of the plan data  in the initial stages the planner
simply used the GUI grid lasses (wxGrid) to store data as well as handle the user
input. Only when a separate internal representation of the plan data was needed (i.e.
when the plan needed to be saved) was the planData lass written to enapsulate all
the plan data. This in turn is extendable to ontain other details about milestones
(e.g. olour that the milestone bars should be, hierarhy level) but this ode will not
be written until its assoiated funtionality is developed.
There are two lasses that make up the Dynami Planner. The main lass is the
PlannerGUI.py lass, that enapsulates the Controller and View aspets of the ar-
hiteture. The appliation itself is an instane of this lass and the onstrutor
ontains all the neessary ode to reate and ombine the GUI widgets. A number of
event handlers are then bound to the atual interfae, so that when a partiular menu
option is pressed or other event ours, the appropriate response is alled. These
event response funtions are also augmented by a number of helper funtions that
perform minor tasks to aid the event response.
The seondary lass is planData.py whih ontains all of the ode to handle the inter-
nal representation of the data. Python has surprisingly exible native data storage
and so this is primarily a wrapper for a list of ditionaries  eah ditionary repre-
sents a milestone and the Python list struture is akin to the arrays found in other
languages
2
. The lass handles data aess, as well as storing to le (by pikling
the data struture) and then reonverting saved les into the objet representation
needed.
Another impressive aspet of Python as a programming language is how muh an be
done with relatively little ode. The planner software in total only onsists of about
500 lines of ode, whih is remarkably little given the funtionality. Admittedly, some
of this is beause the wxPython GUI libraries enapsulate a great deal of what is used.
Nevertheless, the language itself was found to be very elegant and understandable
 few ode level omments are neessary, although of ourse lasses and methods
have been doumented appropriately. In fat, Python has the pydo utility whih
examines ode for do omments and auto-onstruts doumentation. All the ode
for this projet has been written in aordane with the Python doumentation
guidelines and so pydo produes very nie doumentation for the lasses.
2
In fat, the Python list struture is quite advaned, automatially inreasing the size to a-
ommodate any number of items, et. It is therefore more realistially omparable to an ArrayList
struture from Java.
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4.6 Testing
The approah taken during this projet was heavily inuened by the Test-Driven
Development approah advoated by Bek [2003℄. Before any ode was written, tests
were written to speify when the funtionality would work as intended. In the ase of
the GUI, these were largely user-oriented tests, in the form of sripts that a human
tester would follow. For the data lasses of the Dynami Planner, unit tests were
written.
Python does have a unit testing framework, in the shape of the unittest module
(disussed by Pilgrim [2004, p.272-277℄). However, sine it was only appropriate to
onstrut automated tests for the data management aspet of the planner, it was
not neessary to use suh a fully-featured tool. Instead, a Python trik was used
: inluded in the planData.py lass le is a setion of ode that will only run if the
le is exeuted on its own (e.g. by running python planData.py) rather than when it
is used by another lass (i.e. when it is imported for use by PlannerGUI.py). This
ode speies a number of unit tests for the data management ode and displays
results at the end to standard output, unless direted elsewhere.
The rest of the planner ode was tested interatively, using sripts that speify how
the funtionality should behave. By their very nature, these sripts over both unit
and integration testing, sine for the interfae to behave in the manner expeted
Model, View and Controller setions of the ode must be working orretly together.
Examples of these sripts an be found in the appendies, along with an indiation
of whether the tests passed at the time of ompletion. Sine best pratie is to write
tests before implementation has even begun, a number of test sripts are inluded
for funtionality that has not yet been implemented.
An obvious omission from this testing strategy is usability/interation testing. Al-
though this was aeptable in the development of a piee of researh software, if
the software was to be released to a group of users as a projet planner then this
failing would need to be remedied. The rst step would be an expert evaluation to
identify potential pitfalls in the interfae as it stands. It might also be useful to
examine the ognitive model that users form when using the software and ompare
it to that evidently desired by the methodology speiation, to ensure a math.
Ongoing development should inlude user involvement in the testing proess, as well
as an appropriate route for feedbak on the design itself.
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Chapter 5
Evaluation
The stated aim of the projet was to not only develop a new planning methodology,
suitable for exible planning in our unertain world, but also to onstrut software
to be used to evaluate the new methodology. Thus, a disussion of the evaluation
arried out and its results is an essential omponent of this dissertation. In this
hapter we will disuss the evaluation of the Dynami Planning methodology and
separately that of the Dynami Planner, as well as the tehnology used and proess
followed in developing it.
5.1 Evaluating the Dynami Planning Methodology
The rst stage of evaluation for the methodology onsisted of a series of interviews.
These were arried out with some of those who had partiipated in the diret researh,
as well as number of other professional projet managers. First the bakground to
the projet was disussed, then the Dynami Planning methodology was presented
and nally a number of questions were asked about how useful and viable a tehnique
might be in pratie.
All felt that the methodology seemed to have merit and might be partiularly use-
ful for software projets. Some were very exited about the onept and eager to
see whether the evaluation using the planning software would bear fruit. Others
expressed onern that the milestone-based plans would not be able to ompletely
replae the traditional task-based Gantt harts. This led to inreased fous in the
methodology desription on the role of personal todo lists, ation plans and aug-
mented alendars.
The seond stage of the methodology evaluation was to test how easy the method-
ology is to follow, as well as whether the plans produed are in fat more exible
than traditional alternatives. It was for this purpose that the Dynami Planner was
developed, so that test subjets ould be asked to plan using software speially
geared to support the new methodology.
A number of subjets were reruited to partiipate in this seond stage of the eval-
uation proess. They had varying levels of experiene managing projets, with the
only prerequisite being that they understood the onepts of projet planning and
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had previously onstruted plans for projets. One ritiism that ould be made of
the group that did partiipate in this stage would be that very few had signiant
projet management experiene. Reommendations related to this fat appear in the
Further Work setion. On the other hand, there was an advantage in using subjets
with less experiene, as they proved less set in their ways and reeptive to the new
planning onepts presented.
Test subjets were given an informal general desription of a projet to be undertaken
over a seven month period and told that they ould assume that suient resoures
would be available to omplete the projet in this time. They were then asked to
onstrut a plan for the projet, in the traditional style that they would normally
use. This was done using MS Projet and then they answered a short questionnaire
about this initial plan. They were then asked to read a one-page desription of the
Dynami Planning Methodology and to then onstrut another plan for the same
projet, using the Dynami Planner. After this they were again asked to ll out a
short questionnaire, similar to the rst.
The nal stage of the test involved the subjet being informed that a very signiant
hange had ourred that would aet the projet. They were then asked to adjust
their plans appropriately, after whih they again answered a number of questions.
After the experiment had been ompleted, they were briey interviewed and their
thoughts on the methodology, software and the test itself were aptured.
The results were very enouraging. All subjets found replanning signiantly easier
when using the Dynami Planning method and software. They also all felt that the
dynami plans were thus more likely to be updated and so more useful for managing
the projet. Although the traditional Gantt harts are seen as easy to follow, all
subjets indiated they felt that the dynami plans would be even more so. A more
detailed summary an be found in the appendies.
One mixed result was the ease of use of the Dynami Planning methodology itself.
Although some of the subjets found the new proess natural and aessible, others
found it more diult. Some attributed the problems to an over-familiarity with
the traditional planning proess, others to the irumstanes of the test, noting that
beause they had to rst plan in a traditional manner and then immediately try
to get into the alternative frame of mind needed for the new proess, the Dynami
Planning stage might seem artiially diult.
Whatever the ause, this result indiates that are needs to be taken when dissem-
inating and training the new approah. Users need to be given time and guidane
to alimatise to the new way of thinking. Additionally, the Dynami Planner itself
will need to have a very omprehensive help faility, to provide both ontextual help
on the software funtionality and the proess itself. It might also be interesting to
run some evaluations with ompletely inexperiened subjets who have not yet been
taught or used the traditional planning method. This possibility is disussed in the
Further Work setion.
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5.2 Evaluation of the Dynami Planner
The Dynami Planner suessfully ahieved its primary aim  to provide users with
the ability to follow the Dynami Planning methodology and onstrut a plan aord-
ingly. Although some features were not implemented that would be required were
the Planner intended to be used as a omplete planning pakage, what has been
implemented proved suient to evaluate the methodology, as seen in the previous
setion.
The proesses followed in onstruting the Dynami Planner were suessful as well.
The ombination of the Extreme Programming and Test-Driven Development ap-
proahes meant that a working version of the appliation was available at every
stage, however limited its funtionality might have been. The approah to test-
ing was espeially valuable, sine full testing after every user story implementation
meant that new bugs that were aidentally introdued were identied lose to their
reation, making debugging innitely easier.
Although in hindsight the seletion of Python and the wxPython GUI toolkit was
probably still orret, there were some unantiipated problems when using the teh-
nologies. Python itself is a simple and elegant language and was relatively easy to
learn. It is more often used for simple sripts than entire appliations, however, so
the learning urve was steep and the resoures available to learn from sparser than
if a more mainstream appliation development language (suh as Java) had been
seleted.
wxPython, on the other hand, is quite omplex and suers from its origins  beause
it is essentially just a wrapper to the C++ wxWidgets library, wxPython program-
ming is often quite dierent from best pratie Python oding. Thus, in onstruting
the Dynami Planner, it was neessary both to understand the Python idiom and
then to adjust to a more traditional approah when inluding wxPython ode.
Another issue enountered when working with wxPython was related to its status.
wxPython is an open-soure projet, staed by volunteers. Lukily it is under very
ative development, so there is an enthusiasti developer ommunity and a high-
tra mailing list where questions an be asked. Unfortunately the ip side is that
the doumentation is often pathy and the ative development means that there are
often hanges to the API (Appliation Programming Interfae).
Development of the Dynami Planner began using the 2.4.2 release of wxPython,
but it soon beame apparent that a number of the toolkit bugs being enountered
would be solved by upgrading the toolkit. From then onwards, the 2.5.3 release was
used, but during the development time of this projet, there has been a new release
of the toolkit on average every month. Sine eah release has subtle dierenes in
the API and dierent bugs, it was felt best to stay with the 2.5.3 release, sine the
initial upgrade had resulted in a great deal of ode needing to be refatored.
How ever muh the upgrade helped with some problems, developing with wxPython
was generally quite diult. Out-of-date doumentation meant that a number of
questions had to be referred to the mailing list; the number of releases available then
meant that multiple solutions needed to be explored before one that atually worked
was nally found.
40
At the time of writing, however, a new stable release series (2.6) has just beome
available, whih inludes an API freeze. Hopefully this new release will make de-
velopment with wxPython signiantly easier, espeially as there is also a projet
underway to reate a new doumentation resoure. Ideally the planner should be
onverted to run on this before any additional development is arried out.
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Chapter 6
Conlusion
This projet has been a suess, with all the objetives being met. We have suess-
fully applied various advanes in artiial intelligene planning to projet planning,
ombining diret researh with dedution from bakground reading to produe a new
approah: Dynami Planning. This appears to be the rst time that artiial intel-
ligene planning approahes have been applied to projet management, although the
opposite has happened in the past.
Additionally, software to support this planning methodology has been developed and
used in the evaluation of the eay of the approah. Initial results indiate that
Dynami Planning is ertainly more exible than traditional projet planning and
potentially also ontends extremely strongly in terms of the ability to trak projet
progress. A solid foundation has been provided to develop the Dynami Planner into
a piee of end-user software, as well as to test the Dynami Planning methodology
further.
From a personal development point of view, I have learnt a great deal from under-
taking this projet. The researh and aademi writing skills gained will denitely
be useful in future. Learning Python, wxPython and developing a desktop appli-
ation for the rst time were all hallenging tasks, but enjoyable at the same time.
The knowledge and understanding of AI and projet planning has awakened a great
interest in these and assoiated topis, whih I hope to pursue in future. I hope to
ontinue this work myself, as detailed in the Further Work setion whih follows.
6.1 Further Work
In this setion we will disuss the next steps if the work is to be ontinued. Firstly
we disuss potential next steps for the Dynami Planning methodology itself and
then the opportunities that exist for the planning software.
6.1.1 Dynami Planning Methodology
The rst area that deserves further attention is that of researh and bakground
reading. Sine the primary fous of this projet was the reappliation of AI planning
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advanes to projet management, these two areas direted the bakground reading
and researh that was undertaken. However, during the ourse of the projet it has
beome apparent that understanding the abilities of people is ruial in designing an
appropriate methodology for exible projet planning.
Although are has been taken to base assumptions about people's behaviour and
attitude to planning on the diret researh, it would also be worthwhile to ondut
some additional bakground reading in the areas of psyhology and ognitive siene.
The intention here would be to validate underlying assumptions of the Dynami
Planning methodology, as well as identifying viewpoints that ould be brought to bear
on the exible planning problem. In partiular, investigations into the mental model
of planning and the emotional and thought proesses that our during planning
ould prove fruitful.
As was noted when the methodology was originally set out, the fous has been
on the projet managers and the members of the projet teams. Although their
needs have been well-represented and atered for, there are of ourse others who
make use of projet plans. The needs of stakeholders who are not diretly involved
in the projet teams, but nevertheless use the plans (for instane projet sponsors,
external vendors or ustomers, et), must be investigated and the plan representation
potentially adjusted to make the plans as useful to them as to the projet teams.
Additionally, the assumption was made during this projet that the Gantt hart was
the optimal plan representation to be adapted for our use. This was based both on its
ubiquity in the standard projet management texts, but also on the diret researh
arried out during the ourse of the projet. What this researh in fat showed
was that the Gantt hart is the most popular plan representation. This made it
an obvious hoie for our use in a new methodology, sine when introduing new
onepts it is often useful to tie them to very familiar ones. Nevertheless, additional
researh to investigate whether the Gantt hart is in fat the best plan representation
for exible planning still needs to be arried out.
The initial evaluation of the Dynami Planning methodology was both useful and the
results enouraging, but muh remains to be done. Due to the obvious limitations
of evaluating in an experimental setting (only so muh an be done in an hour, after
all!), the potential of this approah has only been touhed upon. Additional testing
and evaluation is denitely needed and the following should be investigated:
• Testing with dierent groups of users. The evaluation already arried out was
done by a mixed group of relatively inexperiened projet planners. It would
be interesting to arry out similar evaluations with ompletely inexperiened
students, to see if they understand and adopt the methodology more readily,
not having already learnt and used the traditional approah. Testing with
experiened projet managers would also be desirable, beause they may be
better plaed to evaluate the true usefulness of the approah, based on their
past experiene.
• Testing in the real world. Sine the Dynami Planning methodology is designed
to help projet managers deal with the unertain nature of the world, the
next logial step is to test it in this environment. However useful testing the
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approah experimentally may be from an aademi viewpoint, the true test of
a planning approah will be when it is being used for the entirety of a real
projet. Making this possible should be the eventual aim of any further work.
Carrying out this kind of testing of ourse requires the Dynami Planner as support.
Additional work to be arried out in developing this software must therefore be
disussed next.
6.1.2 Dynami Planner
Sine the requirements eliitation extended beyond the basi funtionality needed to
perform the initial evaluation of the Dynami Planning methodology, the roadmap for
development has already been drawn. Although to perform the testing with dierent
groups of users desribed above, little additional development would be neessary, in
order to release the methodology into the real world and test its use in real projets,
signiantly more work needs to be ompleted on the Dynami Planner.
Firstly, a number more features need to be implemented. The most ruial of these
in terms of the methodology support are of ourse the provision of various levels of
milestone (i.e. sub-milestones, miniature milestones, et, in a hierarhy), the ability
to swith time dimensions (allowing for a steady progression from a low-preision
towards higher-preision versions of a plan) and the provision of olour-oding for
the milestone bars. There are of ourse other features that are not essential to the
methodology, but useful or required in a business setting nonetheless.
An obvious example is the ability to export plans to alternative formats, so that they
an be viewed by users who do not have the Dynami Planner installed. The software
has been implemented with this in mind  sine the plan data is stored separately in
native Python data strutures, pulling this data out into an alternative format (for
instane, HTML or PDF or CVS) should be relatively easy. Various other features
are also detailed in the full Requirements doument found in the appendies.
During the implementation of the fuller feature set, it would be prudent to engage in
usability evaluations, to ensure that the interfae being implemented is intuitive and
in line with Human Computer Interation best pratie. An expert evaluation of the
interfae would be a useful rst step, to identify any major problems, and thereafter
a user-entred design approah should be employed.
From a tehnial point of view, the Dynami Planner needs to be adapted to use the
newly released 2.6 series of the wxPython GUI toolkit. Sine the API for this release
has been frozen, ongoing development should be muh easier and more preditable.
Additionally, the urrent ode was written for Python 2.3, but sine 2.4 is the latest
stable version, it may also be worth updating the software to this newer version and
taking advantage of any new funtionality or speed enhanements.
Finally, in order to distribute the Dynami Planner more widely, more easily instal-
lable versions are required. Currently to run the software, the user must already
have installed both Python (2.3) and wxPython (2.5.3) separately. Although thanks
to the work of both development ommunities, installing Python and wxPython is
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remarkably easy, it is still not wise to expet users to manage software dependenies
on their own.
For this reason, reating a Windows .exe le, Ma app folder and Linux pakage
for the Dynami Planner would be useful. There are existing tools that make this
proess easy. py2exe is a tool for reating Windows binaries that ontain all Python
modules needed for the appliation in one exeutable. py2app and bundlebuilder
are similar utilities for reating standalone binaries for Maintosh. For Linux the
freeze utility inluded with Python may sue, but in order to promote wider use it
would probably be wise to supply Debian .deb arhives, Red Hat RPMs and similar
pakages for the other popular Linux distributions.
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Appendix A
Review of Existing Systems
As existing planning methodologies were examined, it was important to be onsious
of the existing software available to support these proesses. One the Dynami
Planning approah had been developed, it was important to identify whether existing
software ould support planning in this way. For this reason existing software was
reviewed and the synopsis is inluded here for ompleteness.
A.1 MS Projet
MS Projet is like a Swiss army knife of projet planning. It an produe virtually
any form of projet plan, from Gantt harts (the default view) through to resoure
levelling views, task lists to network diagrams. In many ways this represents overkill
for the average projet. The interfae, although reasonably user-friendly, does not
invite the user to plan with the system. In pratie, many users report that they
plan on paper or in other simpler tools (suh as Exel) and then input their plans
into MS Projet to display the appropriate format. The high degree of help and
user guidane that MS Projet provides also suggests that it is not intuitive enough
to be used as a planning tool in the oneptual stage of a projet, just as a plan
representation tool later in the proess.
MS Projet does provide a number of useful sheduling aids  for instane, it will
automatially dene start and end dates if given duration and dependeny informa-
tion  but these are only useful when produing high preision plans. Indeed, the
amount of detail needed about onstraints in fat an hamper the planning proess,
sine in order to produe even an outline plan arbitrary task lengths and deadlines
must be input. This an lead to very preise (but inorret) plans being drawn up at
the projet outset and an only ontribute to the early ommitment issues desribed
by DeMaro [2002℄.
A.2 Open Soure Alternatives
There are a number of open soure projet management tools available for download.
For the most part these tend to mimi the funtionality provided by MS Projet,
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usually in three main areas: task lists, Gantt harts and resoure utilisation & level-
ling diagrams. The following appear to provide similar (if more limited) funtionality
to MS Projet in these areas:
• Mr Projet (http://mrprojet.odefatory.se/)
• JXProjet (http://www.jxprojet.om/)
• QtGantt (http://www.gumbley.me.uk/qtgantt.html)
• Open Workbenh (http://www.openworkbenh.org/)
• Gantt Projet (http://ganttprojet.soureforge.net/)
Although arguably these (and various other similar programs) are doing well to
repliate the most useful funtionality from MS Projet, there is a denite gap with
regards to software for alternative planning approahes. At the moment UML or
diagram drawing tools (suh as Dia) ould be used to produe Milestone Plans but
no urrent projet planning software appears to do so urrently.
Sine all the existing tools mimi MS Projet and share its fous on task-based
preision ativity planning, none an be used in a manner that supports Dynami
Planning. For this reason it was essential to develop a new appliation (the Dynami
Planner), speially to support the new planning methodology.
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Appendix B
Requirements Doument
This requirements douments onsists primarily of User Stories, brief desriptions of
funtionality as enountered by a user of the system. This method of requirements
representation was felt to be appropriate for two key reasons. Firstly, sine there was
no real ustomer for the system, a detailed requirements doument was not needed
to at as a basis of understanding between developer and ustomer. Seondly, the
software was developed as a vehile for testing the Flexible Projet Planning method-
ology and so the priority was to support the planning proesses of this methodology.
The doument enlosed here overs all requirements set out during the ourse of
the projet. Some of these were not implemented, for reasons disussed in the main
dissertation.
B.1 High-Level Requirements
1. Provide support for plan prodution using the Results-Foused Planning method-
ology
(a) Allow plans to be onstruted from milestones
(b) Allow plans of various levels of preision, as appropriate to the projet
stage
() Display the plan graphially, in a similar style to a Gantt hart
(d) Failitate easy editing and updating of the plan
(e) Failitate progress traking and timely issue identiation
2. Software must be ross-platform, able to run on any of the three major plat-
forms (Windows, Ma, *nix), so that eventually it an be distributed and tested
by a wider audiene
3. Software should be user-friendly and intuitive, requiring minimal training to
onstrut plans
4. It must be possible to share plans between users and stakeholders
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B.2 User Stories
Basi Funtionality
1. User opens the appliation and is greeted with a blank plan
2. User adds a milestone by entering a milestone desription and due date [the
user may also indiate a duration  if not, duration is assumed to be 1 unit of
time℄
3. User edits an existing milestone by seleting it and editing one of its attributes
diretly
4. User deletes an existing milestone by seleting Delete Row from the Edit menu
5. User inserts a new row (and milestone) by seleting Insert Row from the Edit
menu
6. User views the plan [whih is in fat ontinuously updated and visible, as the
milestone data is entered and edited by the user℄
7. User adds a note to a milestone
8. User saves the plan to disk
9. User opens a plan from disk
10. User exits the appliation
Intermediate Funtionality
1. User prints the plan
2. User exports the plan to an alternative format [HTML, XML or PDF, for
instane℄
3. User hanges the hierarhy level of a milestone [i.e. making it a sub-milestone,
or a sub-sub-milestone, or the reverse℄
4. User requests and reeives general help on the methodology and the software
Advaned Funtionality
1. User hanges time dimension [to move plan from being low-preision (e.g. ex-
pressed against quarters) to a higher preision plan (e.g. expressed against
months or weeks)  the system should auto-onvert the milestone data appro-
priately℄
2. User selets a partiular olour for a milestone [a shortlist of frequently used
olours should be available on the toolbar for easy aess℄
3. User requests and reeives ontext-sensitive help on either the methodology or
the software
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Appendix C
Test Sripts
Although Unit Testing was an appropriate vehile for testing the data storage aspet
of the appliation (i.e. the Model), all the other funtionality required user inter-
ation and so an alternative testing method was required. This onsisted primarily
of sripted user testing. The sripts used during this testing are inluded here for
ompleteness.
User Story Test Desription Status
Add A Milestone
Enter milestone desription :: ensure that no
hange is made to Gantt hart
Pass
Enter milestone desription, due date :: ensure
that Gantt hart is updated with milestone bar
against due date
Pass
Enter milestone desription, due date, duration
:: ensure that Gantt displays milestone bar that
spans the number of time periods indiated by
the duration with the right-hand edge against
the due date
Pass
Edit A Milestone
Edit milestone desription :: ensure that no
hange is made to Gantt hart
Pass
Edit due date :: ensure that Gantt hart is up-
dated with milestone bar against newly inputted
due date
Pass
Edit duration :: ensure that Gantt hart is up-
dated with milestone bar that spans the number
of time periods indiated by the duration, with
the right-hand edge against the due date
Pass
Insert a Row Selet Insert Row from the Edit menu :: ensure
that row is added where the ursor lies, to both
the data input grid and the Gantt hart grid
Pass
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User Story Test Desription Status
Selet a row in the data input grid and then se-
let Insert Row from the Edit menu :: ensure
that row is added at point where row was se-
leted and not where ursor lies
Pass
Delete a Row
Selet Delete Row from the Edit menu :: ensure
that the row where the ursor lay is deleted
Pass
Selet a row in the data input grid and then
selet Insert Row from the Edit Menu :: ensure
that the row whih was seleted is deleted (and
not the row where the ursor lay)
Pass
View Plan Ensure that the data entry grid and ontained
information is visible
Pass
Ensure that the Gantt hart aurately reets
the information in the data input grid and is
visible
Pass
Open From File Selet Open from the File menu :: ensure that
Open File... dialog appears
Pass
Selet a le in the Open File... dialog and lik
OK :: ensure that the plan data is loaded su-
essfully
Pass
With a le already open, selet Open from File
menu, hoose another le :: ensure that the ur-
rent information is leared and replaed with the
newly loaded data
Pass
Save To File Create a new plan and selet Save from the File
menu :: ensure that the Save As... dialog ap-
pears
Pass
Open an existing plan, edit it, then selet Save
from the File menu :: ensure that le is atually
saved and that save onrmation dialog appears
Pass
Add a Note to a
Milestone
Add a note in the Note eld of the milestone ::
ensure it is displayed
Pass
Exit the
Appliation
Selet Quit from the File menu :: ensure that
the appliation loses
Pass
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User Story Test Desription Status
Shortuts Work
For eah shortut, perform the shortut key se-
quene :: ensure that the same funtionality is
evident as if the menu option had been hosen
diretly
Pass
Print the Plan
Selet Print from the File menu :: ensure that
the plan is sent to the printer
Fail
Export the Plan
Selet Export from the File menu :: ensure that
le dialog is displayed, allowing user to speify
the le format
Fail
One le has been exported :: hek that ex-
ported data mathes urrent plan
Fail
Inrease
Hierarhy Level
of a Milestone
Whilst ursor or seletion is on an existing mile-
stone, selet Inrease Indent from Edit menu ::
ensure that milestone desription is preeded by
appropriate dashes to show it is a sub-milestone
Fail
Whilst ursor or seletion is on a blank row,
selet Inrease Indent from Edit menu :: ensure
that milestone desription is preeded by appro-
priate dashes to show it is a sub-milestone
Fail
Whilst ursor is in milestone desription, type
an even number of dashes to indiate hierarhy
level :: ensure that the saved data reets the
appropriate milestone hierarhy level
Fail
Derease
Hierarhy Level
of a Milestone
Whilst ursor or seletion is on an existing mile-
stone, selet Derease Indent from Edit menu ::
ensure that milestone desription has 2 dashes
removed from the start
Fail
Request Context
Sensitive Help
Perform a task and selet Help With This from
the Help menu :: ensure that ontext-sensitive
help is displayed
Fail
Request General
Help
Selet Help from the Help menu :: ensure that
general help information is shown
Fail
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User Story Test Desription Status
Change Time
Dimension
With an existing plan, selet Change Time
Dimension from the Edit menu :: ensure that
Change Time Dimension dialog is displayed
Fail
In the Change Time Dimension dialog, selet a
new time dimension :: ensure that appliation
appearane, plan data and plan graph are all
onverted to the new dimension
Fail
Derease preision of time dimension :: ensure
that the more preise data is still stored and that
the appliation onverts only for display
Fail
Colour a
Milestone
Press button in the Colour olumn alongside an
existing milestone :: ensure that Colour Chooser
Dialog is displayed
Fail
In Colour Chooser Dialog, selet a olour :: en-
sure that plan is updated to show milestone in
that olour and that olour information is stored
internally
Fail
Ensure that in Colour Chooser Dialog, fre-
quently used olours are easily seletable
Fail
Ensure that in the Colour Chooser Dialog, user
an dene their own olours
Fail
Run Appliation
on Any Platform
Run the appliation on Windows :: ensure that
all tests pass
Pass
Run the appliation on Linux :: ensure that all
tests pass
Pass
Run the appliation on Maintosh :: ensure that
all tests pass
Fail
Distribute the
Appliation to
Any Platform
Ensure that an easy method of installing and
running the appliation is available for Windows,
Linux and Maintosh
Fail
As mentioned in the main body of this dissertation, the data lasses of the appliation
were tested using built in unit tests. A sreenshot of the test results an be found in
Figure C.1 on the following page.
57
Figure C.1: Plan Data Test Results
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Appendix D
Dynami Planner Sreenshots
In the following pages, a number of sreenshots of the Dynami Planner are presented,
running under both Linux and Windows. Unfortunately a Maintosh omputer was
not available to test the software under.
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Figure D.1: Main Sreen, running on Linux
60
Figure D.2: About Dialog, running on Linux
61
Figure D.3: Save As Dialog, running on Linux
62
Figure D.4: Save Conrmation, running on Linux
63
Figure D.5: Main Sreen, running on Windows
64
Figure D.6: File Menu (example of menus), running on Windows
65
Figure D.7: Open Dialog, running on Windows
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Appendix E
Evaluation Results
Question Key Results
How easy do you think the Gantt
hart you onstruted will be to
follow?
4/6 say easy to follow
How useful do you think the Gantt
hart you onstruted will be for
traking progress during the
projet?
5/6 say not very useful
Do you think the Gantt hart you
onstruted would be followed?
All say unlikely to be
followed, with various
strength in the
statement
How easy was the Dynami Plan to
onstrut?
3 say easy to onstrut,
3 express that it was
somewhat diult
If you did not nd it easy to
onstrut, why do you think this is?
All agree the issue is in
the hange of paradigm
from task-based to
result-based thinking
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Question Key Results
Do you think this plan will be more
or less easy to follow than the
traditional Gantt hart?
All feel easier to follow
Do you think this plan will be more
or less useful for traking progress
than the traditional Gantt hart?
All feel dynami plan
muh more useful for
progress traking
Whih plan was easier to update?
(given the signiant hange)
6/6 found the dynami
plan easier to update
If this situation had ourred in
your work environment, do you
think the traditional plan would
have been updated?
Only one respondent
felt they would have
updated the original
plan
Do you think using the Dynami
Planning method would make you
more likely to keep your plans
up-to-date?
6/6 say yes
68
Appendix F
Code Listings
69
1 from pickle import *
2
3 """
4 Part of the framework for the Dynamic Planner planning software
5 Produced by Meri Williams for CM30076 (Final Year Project)
6
7 Author: Meri Williams
8 Version: 1.1
9 """
10 class planData:
11 """Holds the plan data, storing both the text input by the user into the right-hand grid
12 and the other information stored by the system about the displayed plan (e.g. colour,
13 submilestone level, etc). The data stored here should mirror additions and changes
in
14 the milestone information and the plan itself.
15
16 The data stored is what is needed to construct the graphical plan, not the graph
17 itself
18
19 When run as a standalone .py file (python planData.py), a series of unit tests are
20 executed and the results displayed"""
21
22 def init (self):
23 """Constructor initializes array to hold the rows (dictionary structures) of the plan
24 data"""
25 self.data = []
26
27 def getNumRows(self):
28 """Returns the number of rows stored in the planData instance"""
29 return len(self.data)
30
31 def addRow(self, rowData):
32 """Adds the given row of data to the end of the list"""
33 self.data.append(rowData)
34
35 def insertRow(self, rowNo, rowData):
36 """Inserts the given row of data at the index specified"""
37 if rowNo < len(self.data):
38 self.data.insert(rowNo, rowData)
39 else:
40 print "Sorry, cannot add value at that index"
41
42 def editRow(self, rowNo, rowData):
43 """Edits the given row, replacing existing data with that which is supplied, else
44 creating a new row at the end"""
45 if rowNo < len(self.data):
46 self.data[rowNo] = rowData
47 else:
48 self.addRow(rowData)
49
50 def fetchRow(self, rowNo):
51 """If the row exists (i.e. rowNo < number of rows), returns the value stored at
52 rowNo index. Otherwise returns False"""
53 if rowNo < len(self.data):
1
54 return self.data[rowNo]
55 else:
56 print "Sorry, that row does not exist"
57 return False
58
59 def clearRow(self, rowNo):
60 """Clears the value of the given row, setting it to an empty string "" """
61 if rowNo < len(self.data):
62 self.data[rowNo] = ""
63 else:
64 print "Sorry, that row does not exist and so cannot be cleared"
65
66 def deleteRow(self, rowNo):
67 """Deletes the row from the list entirely (removing the object stored there)
68
69 Returns the object that was stored there, or False if the row did not exist"""
70 if rowNo < len(self.data):
71 return self.data.pop(rowNo)
72 else:
73 return False
74
75 def saveToFile(self, filename):
76 """Saves the planData object to a file called filename, as a serialized object
77 using Pickle.
78
79 Returns true if successful, false if any exceptions are raised"""
80 try:
81 savefile = open(filename, 'w')
82 saver = Pickler(savefile)
83 saver.dump(self)
84 savefile.close()
85 return True
86 except IOError, PickleError:
87 print "Failed to save to file"
88 return False
89
90 def loadFromFile(self, filename):
91 """Loads a file from filename, returning the planData object"""
92 try:
93 loadfile = open(filename, 'r')
94 loader = Unpickler(loadfile)
95 plan = loader.load()
96 loadfile.close()
97 return plan
98 except IOError, PickleError:
99 print "Failed to open file"
100 return False
101
102 def printAllRows(self):
103 """Prints out all the data stored in each row in a human-readable form.
104 Primarily for debugging purposes"""
105 for i in range(0, len(self.data)):
106 print "Line", i, "::", self.fetchRow(i)
107
2
108 if name == " main ":
109 """Series of unit tests to ensure that functionality is working as required.
110
111 These will be executed when run as a standalone file (i.e. >> python planData.py)"""
112 # Initial result values to ensure no false positives
113 rowAdded = False
114 rowEdited = False
115 nonexistentRowEdited = False
116 rowCleared = False
117 rowDeleted = False
118 fileSaved = False
119 fileOpened = False
120 PROBLEM = False
121 rowsCounted = False
122 testsPassed = 0
123
124 testplan = planData()
125 #test adding a row
126 testplan.addRow(10)
127 if testplan.fetchRow(0) == 10:
128 rowAdded = True
129 testsPassed += 1
130 #test editing a row
131 testplan.editRow(0, 11)
132 if testplan.fetchRow(0) == 11:
133 rowEdited = True
134 testsPassed += 1
135 testplan.editRow(3, 20)
136 if testplan.fetchRow(1) == 20:
137 nonexistentRowEdited = True
138 testsPassed += 1
139 #test deleting a row
140 testplan.clearRow(0)
141 if testplan.fetchRow(0) == "":
142 rowCleared = True
143 testsPassed += 1
144 compare = testplan.fetchRow(1)
145 testplan.deleteRow(0)
146 if testplan.fetchRow(0) == compare: #comparing to value of what used to be at index 1
147 rowDeleted = True
148 testsPassed += 1
149 #test exporting to savefile
150 testplan.addRow(f'name':'meri', 'age':22g)
151 testplan.addRow(f'name':'elly', 'age':23g)
152 if testplan.saveToFile('savetest.txt'):
153 fileSaved = True
154 testsPassed += 1
155
156 #test importing from savefile
157 loadtest = planData()
158 extratest = planData()
159 extratest.addRow(46664)
160 loadtest = testplan.loadFromFile('savetest.txt')
161 if loadtest.fetchRow(1) == testplan.fetchRow(1):
3
162 fileOpened = True
163 testsPassed += 1
164 if loadtest.fetchRow(0) == extratest.fetchRow(0):
165 PROBLEM = True
166 testsPassed -= 1
167 else:
168 testsPassed += 1
169 if extratest.getNumRows() == 1:
170 rowsCounted = True
171 testsPassed += 1
172
173 print "TEST RESULTS:"
174 print "Row added: ", rowAdded
175 print "Row edited: ", rowEdited
176 print "Nonexistent row edited: ", nonexistentRowEdited
177 print "Row cleared: ", rowCleared
178 print "Row deleted: ", rowDeleted
179 print "File saved: ", fileSaved
180 print "File opened again: ", fileOpened
181 print "Rows counted: ", rowsCounted
182 print "Do we have a problem? ", PROBLEM
183 print "Number of tests passed: ", testsPassed
184
185 print "TESTPLAN:"
186 testplan.printAllRows()
187 print "LOADTEST:"
188 loadtest.printAllRows()
189 print "EXTRATEST:"
190 extratest.printAllRows()
4
1 import wxversion
2 wxversion.select('2.5.3') # Selects the version of wxPython to use (multi-versions poss)
3 import os
4 from wxPython.wx import *
5 from wxPython.grid import *
6 from planData import *
7
8 """
9 Dynamic Planner GUI classes
10 Contains View & Controller aspects of the application
11 Produced by Meri Williams for CM30076 (Final Year Project)
12
13 Author: Meri Williams
14 Version: 2.1
15 """
16
17 # wxNewId() gives unique identifier to each of the constants, for this run of the program
18 ID ABOUT=wxNewId()
19 ID SAVE=wxNewId()
20 ID SAVE AS=wxNewId()
21 ID OPEN=wxNewId()
22 ID INSERT ROW=wxNewId()
23 ID DELETE ROW=wxNewId()
24 ID INCREASE INDENT=wxNewId()
25 ID DECREASE INDENT=wxNewId()
26 ID NEW=wxNewId()
27 ID CLOSE=wxNewId()
28 ID EXIT=wxNewId()
29 ID HELP=wxNewId()
30 ID PRINT=wxNewId()
31 ID EXPORT PDF=wxNewId()
32
33 # Constants to make it easier to adapt the GUI
34 MILESTONE LABEL = "Milestone"
35 ENDTIME LABEL = "Due"
36 ESTIMATE LABEL = "Duration"
37 NOTE LABEL = "Notes"
38
39 # Some hard-coded values to assist in a simple time plan
40 INITIAL ROWS = 100
41 INITIAL COLS = 12
42 year = ["Jan", "Feb", "Mar", "Apr", "May", "Jun", "Jul", "Aug", "Sep", "Oct", "Nov", "Dec"]
43
44 # MAIN GUI CODE =========================================================================
45 class PlannerGUI(wxFrame):
46 """The primary class that provides the Graphical User Interface for the planning
47 application, encompassing both the View and Controller aspects of the architecture.
48
49 The init function prepares the interface, creating the menus, key widgets and so
50 on (i.e. the View) and binding events to associated functions
51
52 A variety of functions containt the actual functionality of the interface, forming
53 the Controller aspect of the architecture. Uses the planData class to handle the
54 application data (i.e. the Model)"""
1
55 def init (self,parent,id,title):
56 """Creates the interface, building up the widgets to form the GUI and associates
57 events with event handling functions"""
58 # first call the parent constructor
59 wxFrame. init (self,parent,wxID ANY, title, size=wxDefaultSize ,style=wxDEFAULT FRAME STYLEjwxNO FULL REPAINT ON RESIZE)
60 self.CreateStatusBar() # A StatusBar in the bottom of the window
61
62 # MENU CODE ------------------------------------------------------
63 # Create the menus
64 filemenu = wxMenu()
65 editmenu = wxMenu()
66 helpmenu = wxMenu()
67 # Add the menu items, shortcuts and their status bar info strings
68 # NOTE: nt denotes the keyboard shortcut
69 filemenu.Append(ID NEW, "&NewntCtrl+N"," Create a new plan")
70 filemenu.Append(ID OPEN, "&OpenntCtrl+O", " Open an existing plan")
71 filemenu.Append(ID SAVE, "&SaventCtrl+S", " Save the current plan")
72 filemenu.Append(ID SAVE AS, "Save &As...", " Save the current plan")
73 filemenu.Append(ID CLOSE, "&Close", " Close the current plan")
74 filemenu.AppendSeparator()
75 filemenu.Append(ID PRINT, "&Print", " Print the current plan")
76 filemenu.Append(ID EXPORT PDF, "&Export to PDF", " Export the current plan to PDF")
77 filemenu.AppendSeparator()
78 filemenu.Append(ID EXIT,"E&xitntCtrl+Q"," Terminate the program")
79
80 editmenu.Append(ID INSERT ROW, "&Insert a Row", " Insert a row")
81 editmenu.Append(ID DELETE ROW, "&Delete Row", " Remove the selected row")
82 editmenu.Append(ID INCREASE INDENT, "&Increase Indent", " Increase indentation to allow
submilestones")
83 editmenu.Append(ID DECREASE INDENT, "D&ecrease Indent", " Decreases indentation")
84
85 helpmenu.Append(ID ABOUT, "&About"," Information about this program")
86 helpmenu.Append(ID HELP, "&Help", " Help using this program")
87
88 # Create the menu bar and then add the menus to it
89 menuBar = wxMenuBar()
90 menuBar.Append(filemenu,"&File")
91 menuBar.Append(editmenu, "&Edit")
92 menuBar.Append(helpmenu, "&Help")
93
94 self.SetMenuBar(menuBar) # Adding the MenuBar to the overall Frame
95 self.splitter = wxSplitterWindow(self, -1) # Creates a splitter window (div in 2)
96
97 # GRID STUFF ------------------------------------------------------
98 # Create the input grid and do some formatting
99 self.grid = wxGrid(self.splitter,-1)
100 self.grid.CreateGrid(INITIAL ROWS,4)
101 self.grid.SetColLabelValue(0, MILESTONE LABEL)
102 self.grid.SetColLabelValue(1, ENDTIME LABEL)
103 self.grid.SetColLabelValue(2, ESTIMATE LABEL)
104 self.grid.SetColLabelValue(3, NOTE LABEL)
105
106 # Create specific attributes so that only relevant values can be entered in certain columns
107 endTimeAttr = wxGridCellAttr()
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108 endTimeAttr.SetEditor(wxGridCellChoiceEditor(year)) # makes the editor for cells a drop-
down list
109 self.grid.SetColAttr(1, endTimeAttr)
110
111 estimateAttr = wxGridCellAttr()
112 estimateAttr.SetEditor(wxGridCellNumberEditor())
113 self.grid.SetColAttr(2, estimateAttr)
114
115 self.grid.SetMargins(0,0)
116 #self.grid.SetRowLabelSize(0)
117 #self.grid.AutoSize() # fits the grid to the column & row labels
118 self.grid.SetColSize(0,250)
119 self.grid.SetColSize(1,100)
120
121 self.plan = wxGrid(self.splitter, -1)
122 self.plan.CreateGrid(INITIAL ROWS, INITIAL COLS)
123 for i in range(0,INITIAL COLS):
124 self.plan.SetColLabelValue(i, year[i])
125
126 self.plan.SetMargins(0,0)
127 self.plan.SetRowLabelSize(0)
128 self.plan.SetDefaultColSize(50)
129 self.plan.EnableEditing(False)
130 self.plan.EnableGridLines(True)
131 self.splitter.SetMinimumPaneSize(100)
132 self.splitter.SplitVertically(self.grid, self.plan, 600)
133 self.splitter.Fit()
134
135 # SIZER CODE ------------------------------------------------------
136 self.sizer = wxBoxSizer(wxHORIZONTAL)
137 self.sizer.Add(self.splitter,1,wxEXPAND)
138 self.SetSizer(self.sizer)
139 self.SetAutoLayout(1)
140 self.sizer.Fit(self)
141
142 # EVENTS CODE -----------------------------------------------------
143 # Binds events to the functions that should be called when they occur
144 EVT MENU(self, ID OPEN, self.OnOpen)
145 EVT MENU(self, ID SAVE, self.OnSave)
146 EVT MENU(self, ID SAVE AS, self.OnSaveAs)
147 EVT MENU(self, ID EXIT, self.OnExit)
148 EVT MENU(self, ID INSERT ROW, self.OnInsertRow)
149 EVT MENU(self, ID DELETE ROW, self.OnDeleteRow)
150 EVT MENU(self, ID ABOUT, self.OnAbout)
151 EVT GRID CELL CHANGE(self, self.OnCellChange)
152 EVT KEY DOWN(self.grid, self.OnKeyDown)
153
154 self.Show(true)
155 print(self.splitter.GetBestSize()) #DEBUG
156 """ NOTE: The GetBestSize function is returning inappropriate results at the moment
157 This is a bug in wxPython itself. The workaround used is that the application
158 immediately maximises itself when loaded. An upcoming release of wxPython may
159 include a fix and so ideally the software should eventually be upgraded"""
160 self.Maximize()
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161
162 # Initialise some of the key variables that will be used by the program
163 self.plandata = planData()
164 self.savepath = ""
165
166 # EVENT HANDLER RESPONSES =========================================================
167 def OnSave(self,evt):
168 """ When the user selects Save (either using Ctrl-S shortcut or the menu, then
169 the application first identifies whether there is an existing savepath (i.e.
170 whether there is already a file open).
171
172 If this is the case, then the updated plan is saved to the file already open and
173 a confirmation is shown that the file has been saved successfully.
174
175 If the plan has not already been saved, the Save As response is called."""
176 if self.savepath != "":
177 self.plandata.saveToFile(self.savepath)
178 #print ”Saved to file”
179 saveConfirm = wxMessageDialog( self, " File successfully saved!","File Saved!",
wxOK)
180 saveConfirm.ShowModal()
181 saveConfirm.Destroy()
182 else:
183 self.OnSaveAs(evt)
184
185 def OnSaveAs(self, evt):
186 """Creates a file chooser dialog for the user to choose where they would like to
187 save their file. The user can choose to view either just dynamic plans or all
188 files. Once a filename has been chosen, the plan data is saved."""
189 wildcard = "Dynamic plan (*.plan)j*.planj" n
190 "All files (*.*)j*.*"
191 savedialog = wxFileDialog(self, message="Save file as...", defaultDir=os.getcwd(),
192 defaultFile="", wildcard=wildcard, style=wxSAVE)
193 if savedialog.ShowModal() == wxID OK:
194 self.savepath = savedialog.GetPath()
195 print('You selected "%s"'% self.savepath)
196 diditsave = self.plandata.saveToFile(self.savepath)
197 print "Just tried to save to file"
198 print "Successfully saved? ", diditsave
199 self.plandata.printAllRows()
200 savedialog.Destroy()
201
202 def OnOpen(self, evt):
203 """Creates a file dialog for the user to choose the file they wish to open. If
204 the user selects a file, then it is loaded and the plan data is displayed"""
205 wildcard = "Dynamic plan (*.plan)j*.planj" n
206 "All files (*.*)j*.*"
207 openfiledialog = wxFileDialog(self, "Please choose file to open", os.getcwd(), "",
wildcard, wxOPEN)
208 if openfiledialog.ShowModal() == wxID OK:
209 openpath = openfiledialog.GetPath()
210 #clear the internal storage and wipe the grids clean before loading
211 self.plandata = planData()
212 for row in range (0, self.grid.GetNumberRows()):
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213 self.clearRow(self.grid, row)
214 self.clearRow(self.plan, row)
215 self.plandata = self.plandata.loadFromFile(str(openpath)) #load the plan data
216 self.savepath = openpath #update the savepath to the file just opened
217 self.loadPlanData()
218 openfiledialog.Destroy()
219
220 def OnAbout(self,evt):
221 """ When the About menu option is selected, this function displays a
222 small dialog to give some basic information about the software"""
223 aboutMessage = wxMessageDialog( self, " Dynamic Planner nn"
224 " n"Flexible Planning in a Changing Worldn" nn nn"
225 " Provides basic support for the nn"
226 " Dynamic Planning Methodology developed nn"
227 " by Meri Williams & Joanna Bryson","About", wxOK)
228 aboutMessage.ShowModal()
229 aboutMessage.Destroy()
230
231 def OnExit(self,evt):
232 """ Closes the application when Exit is selected from the File Menu"""
233 self.Close(True)
234 """NOTE: This should be updated to eventually check if the user has saved what
235 they have been working on and if not to prompt them to do so"""
236
237 def OnInsertRow(self,evt):
238 """Inserts a row into the data and plan grids. Where the row is inserted depends
239 on where the cursor is or what row/cells the user has selected. Selection
240 takes precedence over simple cursor position"""
241 blankrow = f'milestone':"", 'due':"", 'estimate':"", 'owner':""g
242 if self.grid.IsSelection():
243 selectedrows = self.grid.GetSelectedRows()
244 row = selectedrows[0]
245 else:
246 row = self.grid.GetGridCursorRow()
247 self.grid.InsertRows(pos=row, numRows=1, updateLabels=True)
248 self.plandata.insertRow(row, blankrow)
249 self.plan.InsertRows(pos=row, numRows=1, updateLabels=True)
250
251 def OnDeleteRow(self, evt):
252 """Deletes a row from the data and plan grids. Which row is deleted depends
253 on where the cursor is or what row/cells the user has selected. Selection
254 takes precedence over simple cursor position"""
255 if self.grid.IsSelection():
256 selectedrows = self.grid.GetSelectedRows()
257 row = selectedrows[0]
258 else:
259 row = self.grid.GetGridCursorRow()
260 self.grid.DeleteRows(pos=row, numRows=1, updateLabels=True)
261 self.plandata.deleteRow(row)
262 self.plan.DeleteRows(pos=row, numRows=1, updateLabels=True)
263
264 def OnCellChange(self,evt):
265 """Is called when a cell is edited by the user.
266
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267 Updates the graphical plan based on the data the user has input into the data grid
268 on the left hand side"""
269 row = evt.GetRow()
270 self.storeRow(row)
271 self.plandata.printAllRows()
272 self.repaintRow(row)
273
274 def OnKeyDown(self, evt):
275 """Remaps the enter key, so that if editing a row, the cursor moves right
276 when enter is pressed and if at the end of the row, jumps to the beginning
277 of the next row.
278
279 Adapted from the demo code supplied with wxPython"""
280 if evt.KeyCode() != wx.WXK RETURN:
281 if evt.KeyCode() == wx.WXK DELETE:
282 # Placeholder: should remap Del to clear row if row is selected (TODO)
283 evt.Skip()
284 return
285 evt.Skip()
286 return
287 if evt.ControlDown(): # the edit control needs this key
288 evt.Skip()
289 return
290 self.grid.DisableCellEditControl()
291 success = self.grid.MoveCursorRight(evt.ShiftDown())
292 if not success:
293 newRow = self.grid.GetGridCursorRow() + 1
294 if newRow < self.grid.GetTable().GetNumberRows():
295 self.grid.SetGridCursor(newRow, 0)
296 self.grid.MakeCellVisible(newRow, 0)
297 else:
298 # this would be a good place to add a new row if your app
299 # needs to do that
300 pass
301
302 # HELPER METHODS ==============================================================
303 def clearRow(self, whichgrid, row):
304 """Clears the plan row of any existing graph data, so new can be painted"""
305 for col in range(0, whichgrid.GetNumberCols()):
306 whichgrid.SetCellBackgroundColour(row, col, wxWHITE)
307 whichgrid.SetCellValue(row, col, "")
308
309 def repaintRow(self, row):
310 """Repaints the plan row, to reflect changes the user has made
311
312 This is the key Controller method for updating the displayed plan based on
313 changed to the Model"""
314 self.clearRow(self.plan, row)
315 estimate = self.grid.GetCellValue(row, self.findColumnIndex(self.grid, ESTIMATE LABEL))
316 endTime = self.grid.GetCellValue(row, self.findColumnIndex(self.grid, ENDTIME LABEL))
317 endTimeCol = self.findColumnIndex(self.plan, endTime)
318 # Tries to get estimate value, but if this fails defaults to 1
319 try:
320 estimate = int(estimate)
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321 except ValueError:
322 print("Couldn't convert to int, setting estimate to 1")
323 estimate = 1
324 if isinstance(estimate, int):
325 if (estimate > 0) and (endTimeCol != False):
326 for i in range(estimate):
327 self.plan.SetCellBackgroundColour(row, endTimeCol-i, wxGREEN)
328 self.plan.ForceRefresh()
329
330 def findColumnIndex(self, whichgrid, label):
331 """Finds the number of the column with the supplied label"""
332 numCols = whichgrid.GetNumberCols()
333 for i in range (0, numCols):
334 if label == whichgrid.GetColLabelValue(i):
335 return i
336 return False
337
338 def storeRow(self, row):
339 """Stores the row information as a dictionary in the planData object"""
340 rowContents = fg
341 #NOTE: TODO update so these call the findcolindex function instead of hardcoded
342 rowContents["milestone"] = str(self.grid.GetCellValue(row, 0))
343 rowContents["due"] = str(self.grid.GetCellValue(row, 1))
344 rowContents["estimate"] = str(self.grid.GetCellValue(row, 2))
345 rowContents["owner"] = str(self.grid.GetCellValue(row, 3))
346 self.plandata.editRow(row, rowContents)
347
348 def loadPlanData(self):
349 """For use when plandata has just been updated directly, usually when the user
350 has loaded a file and so the plan needs to be displayed"""
351 # NOTE TODO update so these call the findcolindex function instead of hardcoded
352 for i in range(0, self.plandata.getNumRows()):
353 rowdata = self.plandata.fetchRow(i)
354 self.grid.SetCellValue(i, 0, rowdata["milestone"])
355 self.grid.SetCellValue(i, 1, rowdata["due"])
356 self.grid.SetCellValue(i, 2, rowdata["estimate"])
357 self.grid.SetCellValue(i, 3, rowdata["owner"])
358 self.repaintRow(i)
359
360 # MAIN METHOD LOOP ====================================================================
361 if name == " main ":
362 planner = wxPySimpleApp()
363 frame = PlannerGUI(None, -1, "Dynamic Planner")
364 planner.MainLoop()
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